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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
laser device that is suited for a light source for a Raman 
amplifier that is stable and can obtain a high gain, and to 
provide a semiconductor laser module, and the Raman 
amplifier using the semiconductor laser module. 
SOLUTION: A diffraction grating is provided near an 
active layer formed between a first reflection film that is 
provided ion the emission end face of a laser beam and a 
second reflection film that is provided on the reflection 
end face of the laser beam, and a laser beam including at 
least two oscillation vertical modes 31-33 within a half- 
value width A A h of an oscillation wavelength spectral 
30 is outputted by combining oscillation parameters 
including the length of a resonator formed by the active 
layer and the wavelength selection characteristics of the 
diffraction grating. In this case, the diffraction grating 
may be set to a chirped grating for achieving periodical 
fluctuation, or may be provided at one portion. 




JP,2002-204024,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A diffraction grating is provided near the active layer formed between the 1st reflection 
film provided in an emitting end surface of a laser beam, and the 2nd reflection film provided in a 
reflecting end face of this laser beam, A semiconductor laser device outputting a laser beam 
containing two or more oscillation vertical microfiche in half breadth of an oscillation wavelength 
spectrum by combination setting out of an oscillation parameter containing cavity length which 
said active layer forms, and the wavelength selection properties of said diffraction grating. 
[Claim 2]The semiconductor laser device according to claim 1, wherein an oscillation wavelength 
is 1200-1550 nm. 

[Claim 3]The semiconductor laser device according to claim 1 or 2, wherein half breadth of said 
oscillation wavelength spectrum is 3 nm or less. 

[Claim 4]A semiconductor laser device of any one description of the Claims 1-3, wherein cavity 
length which said active layer forms is not less than 800 micrometers. 

[Claim 5]A semiconductor laser device of any one description of the Claims 1-4, wherein cavity 
length which said active layer forms is 3200 micrometers or less. 

[Claim 6]A semiconductor laser device of any one description of the Claims 1-5, wherein said 
diffraction grating gives predetermined periodic fluctuation to grating cycles. 
[Claim 7]The semiconductor laser device according to claim 6, wherein said diffraction grating is 
the grating which was random or was changed with a given period about said grating cycles. 
[Claim 8]A semiconductor laser device of any one description of the Claims 1-7, wherein said 
diffraction grating has the same length as said cavity length along with said active layer. 
[Claim 9]A semiconductor laser device of any one description of the Claims 1-8, wherein said 
diffraction grating is provided in a part in alignment with said active layer. 

[Claim 10]said diffraction grating — said 2nd reflection film side direction [ from / near / said / 
the 1st reflection film of a laser beam ] — or the semiconductor laser device according to claim 
9 characterized by fixed length being the prolonged partial diffraction grating along with said 
active layer in said 1st reflection film side direction near [ said ] the 2nd reflection film. 
[Claim 11]A semiconductor laser device of any one description of the Claims 1-10, wherein said 
oscillation parameter contains a coupling coefficient of said diffraction grating. 
[Claim 12]A semiconductor laser module provided with the semiconductor laser device according 
to claim 1 to 1 1, an optical fiber which guides outside a laser beam emitted from said 
semiconductor laser device, said semiconductor laser device and said optical fiber, and an optical 
coupling lens system which performs optical coupling. 

[Claim 13]The semiconductor laser module according to claim 12 having further a temperature 
controller which controls temperature of said semiconductor laser device, and an isolator which 
is arranged in said optical coupling lens system, and controls incidence of return light from the 
optical fiber side. 

[Claim 14]A Raman amplifier using the semiconductor laser device according to claim 1 to 1 1 or 
the semiconductor laser module according to claim 12 or 13 as the excitation light source for 
broadband Raman amplification. 

[Claim 15]A Raman amplifier which the semiconductor laser device according to claim 1 to 1 1 or 
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the semiconductor laser module according to claim 12 or 13 is the excitation light source for 
broadband Raman amplification, and is characterized by being used as a light source for forward 
excitation, or a light source for forward excitation in a bidirectional excitation method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a semiconductor laser device suitable for the 
excitation light source for Raman amplification, a semiconductor laser module, and the Raman 
amplifier using this. 
[0002] 

[Description of the Prior Art]In recent years, the demand of large-scale-izing to optical 
communications is large with the spread of various multimedia including the Internet. 
Conventionally, in the zone (1310 nm or 1550 nm) which is wavelength with little absorption of 
light by an optical fiber in optical communications, transmission by respectively single wavelength 
was common. In this method, in order to transmit many information, the number of cores of the 
optical fiber constructed to a transmission route needed to be increased, and there was a 
problem that cost increased with the increase in transmission capacity. 
[0003]Then, a dense-wavelength-division-multiplexing (DWDM:Dense-Wavelength Division 
Multiplexing) communication method came to be used. This DWDM communication method is a 
method which mainly transmits in the 1550 nm bands which are this operation band using two or 
more wavelength using an erbium doped fiber amplifier (EDFA:Erbium Doped Fiber Amplifier). It is 
not necessary to construct a new track from transmitting the lightwave signal of several 
different wavelength simultaneously using one optical fiber, and makes it possible to bring about 
the fast increase in network transmission capacity in this DWDM communication method or a 
WDM communication method. 

[0004]With the general WDM communication method using this EDFA, it is put in practical use 
from the easy 1550 nm bands of profit flattening, and, these days, has expanded even to the 
1580 nm bands which were not used since the gain coefficient was small. However, as compared 
with the zone which can be amplified by EDFA, since the low-loss zone of an optical fiber is 
larger, concern about the light amplifier which is out of band and operates, i.e., the Raman 
amplifier, of EDFA is increasing. 

[0005]As opposed to a profit wavelength range being decided by the energy level of ion in the 
light amplifier through rare earth ions [ like erbium ] whose Raman amplifier is, Arbitrary 
wavelength ranges can be amplified by having the feature that a profit wavelength range is 
decided and choosing excitation light wavelength with the wavelength of excitation light. 
[0006]If the optical signal of a wavelength band region which about 100 nm of profits appear in 
the long wavelength side from excitation light wavelength, and has this profit in the optical fiber 
in this state where it was excited, by stimulated Raman scattering when excitation light strong 
against an optical fiber is entered in Raman amplification is entered, this optical signal will be 
amplified. Therefore, the channel number of an optical signal can be made to increase further in 
the WDM communication method using a Raman amplifier as compared with the communication 
method which used EDFA. 

[0007] Drawing 26 is a block diagram showing the composition of the conventional Raman 
amplifier used for a WDM communications system. In drawing 26 , the semiconductor laser 
modules 182a-182d in which the semiconductor light emitting elements 180a-180d and the fiber 
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gratings 181 a— 1 81 d of Fabry-Perot became a pair, respectively output the laser beam which 
becomes a basis of excitation light to the polarization-compounds couplers 61a and 61b. 
Although the wavelength of the laser beam which each semiconductor laser modules 182a and 
182b output is the same, 90 degrees of plane of polarization of each laser beam are changed with 
the polarization-compounds coupler 61a. Although similarly the wavelength of the laser beam 
which each semiconductor laser modules 182c and 182d output is the same, 90 degrees of plane 
of polarization of each laser beam are changed with the polarization-compounds coupler 61b. 
The polarization-compounds couplers 61a and 61b output the laser beam which carried out 
polarization compounds, respectively to WDM couplers 62. The wavelength of the laser beam 
outputted from the polarization-compounds couplers 61a and 61b differs. 

[0008]WDM couplers 62 multiplex and output the laser beam outputted from the polarization- 
compounds couplers 61a and 61b to the fiber 64 for amplification as excitation light via WDM 
couplers 65. It is inputted via the isolator 63 from the optical signal input fiber 69, and the optical 
signal for amplification multiplexs on the fiber 64 for amplification into which this excitation light 
was inputted with excitation light, and Raman amplification is carried out to it. 
[0009]The optical signal (amplified signal light) by which Raman amplification was carried out into 
the fiber 64 for amplification is inputted into the coupler 67 for monitor light distribution via WDM 
couplers 65 and the isolator 66. The coupler 67 for monitor light distribution outputs a part of 
amplified signal light to the control circuit 68, and outputs it to the optical signal output fiber 70 
by making the remaining amplified signal lights into an outputted ray. 

[0010]The control circuit 68 controls an each semiconductor light emitting elements [ 180a- 
180d ] luminescent state, for example, light intensity, based on some inputted amplified signal 
lights, and it carries out feedback control so that the gain band of Raman amplification may 
serve as the flat characteristic. 

[001 1] Drawing 27 is a figure showing the outline composition of the semiconductor laser module 
which used the fiber grating. In drawing 27 , this semiconductor laser module 201 has the 
semiconductor light emitting element 202 and the optical fiber 203. The semiconductor light 
emitting element 202 has the active layer 221. As for the active layer 221, the light reflection 
surface 222 is established in one end, and the light emitting surface 223 is established in the 
other end. It reflects in the light reflection surface 222, and the light produced within the active 
layer 221 is outputted from the light emitting surface 223. 

[0012]To the light emitting surface 223 of the semiconductor light emitting element 202, the 
placed opposite of the optical fiber 203 is carried out, and optical coupling is carried out to the 
light emitting surface 223 in it. The fiber grating 233 is formed in a prescribed position from the 
light emitting surface 223, and, as for the fiber grating 233, the light of a specified wavelength is 
selectively reflected in the core 232 in the optical fiber 203. That is, it functions as an external 
resonator, a resonator is formed between the fiber grating 233 and the light reflection surface 
222, the laser beam of a specified wavelength with the selected fiber grating 233 is amplified, and 
the fiber grating 233 is outputted as the output laser beam 241. 
[0013] 

[Problem(s) to be Solved by the Invention]However, the semiconductor laser module 201 (182a- 
182d) mentioned above, Since the interval of the fiber grating 233 and the semiconductor light 
emitting element 202 is long, relative intensity noise (RIN:ReIative Intensity Noise) becomes large 
by resonance between the fiber grating 233 and the light reflection surface 222. This is because 
a peak value occurs for every frequency corresponding to the round trip time of the light 
between the light reflection surface 222 of the semiconductor light emitting element 202, and the 
fiber grating 233 in a RIN spectrum. Since the process which amplification produces happens 
early by Raman amplification here, if excitation light intensity is swinging, Raman gain will also 
swing, fluctuation of this Raman gain will be outputted as fluctuation of the signal strength 
amplified as it was, and there was a problem of the ability not to make the stable Raman 
amplification perform. 

[0014]The semiconductor laser module 201 mentioned above, While carrying out optical coupling 
of the optical fiber 203 with the fiber grating 233, and the semiconductor light emitting element 
202 and applying time and a labor to optic-axis doubling at the time of an assembly, Since it was 
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the mechanical optical coupling in a resonator, there was a problem that the case where there is 
a possibility that the oscillation characteristic of laser may change with mechanical oscillation 
etc., and the stable excitation light cannot be provided arose. 

[0015]There is a bidirectional excitation method excited from the forward excitation method and 
both directions which are excited from the front to an optical signal besides the back excitation 
method excited from back to an optical signal like the Raman amplifier shown in drawing 26 as a 
Raman amplifier. Now, the back excitation method is used abundantly as a Raman amplifier. This 
is because fluctuation of excitation light intensity tends to move to an optical signal, and 
nonlinear effects, such as 4 light-wave mixing, happen easily in the forward excitation method 
which advances in the direction with excitation light with a strong weak optical signal and there 
is a problem that the polarization dependency of excitation light appears easily, further. 
Therefore, the appearance of the stable excitation light source applicable also to a forward 
excitation method is demanded. That is, when the semiconductor laser module using the 
conventional fiber grating was used, there was a problem that an applicable excitation method 
was restricted. 

[0016]In the Raman amplification in a Raman amplifier, on condition that the polarization 
direction of an optical signal and the polarization direction of excitation light are in agreement, it 
carries out. That is, there is polarization dependency of amplification gain and it is necessary to 
make small influence by the gap with the polarization direction of an optical signal, and the 
polarization direction of excitation light in Raman amplification. Here, since an optical signal 
becomes random in polarization during propagation in the case of a back excitation method, a 
problem is not produced, but when it is a forward excitation method, polarization dependency is 
strong and needs to make polarization dependency small by cross polarization composition of 
excitation light, a DEBORA rise, etc. That is, it is necessary to make a polarization degree 
(DOP.Degree Of Polarization) small. 

[0017]Since the amplification factor of Raman amplification obtained was comparatively low, an 
appearance of the high-output excitation light source for Raman amplification was desired. 
[0018]This invention was made in view of the above, and is stabilized, and it aims at providing a 
semiconductor laser device and a semiconductor laser module suitable for the light source for 
Raman amplifiers which can obtain high gain. 
[0019] 

[Means for Solving the Problem]ln order to attain the above-mentioned purpose, a 
semiconductor laser device concerning Claim 1, A diffraction grating is provided near the active 
layer formed between the 1st reflection film provided in an emitting end surface of a laser beam, 
and the 2nd reflection film provided in a reflecting end face of this laser beam, A laser beam 
containing two or more oscillation vertical microfiche is outputted in half breadth of an oscillation 
wavelength spectrum by combination setting out of an oscillation parameter containing cavity 
length which said active layer forms, and the wavelength selection properties of said diffraction 
grating. 

[0020]According to the invention of this Claim 1, a diffraction grating is provided near the active 
layer formed between the 1st reflection film provided in an emitting end surface of a laser beam, 
and the 2nd reflection film provided in a reflecting end face of this laser beam, By combination 
setting out of an oscillation parameter containing cavity length which said active layer forms, and 
the wavelength selection properties of said diffraction grating. He is trying to output a laser 
beam which wavelength is stabilized and contains more preferably two or more of four or more 
oscillation vertical microfiche three or more in half breadth of an oscillation wavelength 
spectrum. 

[0021]A semiconductor laser device concerning Claim 2 is characterized by an oscillation 
wavelength being 1200-1550 nm in the above-mentioned invention. 

[0022]According to the invention of this Claim 2, an oscillation wavelength shall be 1200-1550 
nm, and it is made to perform Raman amplification of an optical signal of a wavelength band 
region suitable for a transmission band of an optical fiber.Concretely, when an oscillation 
wavelength is 1200-1550 nm, a profit wavelength band region of Raman amplification is set to 
1300-1650 nm. 
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[0023]A semiconductor laser device concerning Claim 3 is characterized by half breadth of said 
oscillation wavelength spectrum being 3 nm or less in the above-mentioned invention. 
[0024]According to the invention of this Claim 3, half breadth of said oscillation wavelength 
spectrum shall be 3 nm or less, and it is made to make small a multiplexing loss at the time of 
carrying out wavelength composition. 

[0025]Cavity length in which said active layer forms a semiconductor laser device concerning 
Claim 4 in the above-mentioned invention is characterized by being not less than 800 
micrometers. 

[0026]The number of oscillation vertical microfiche contained in half breadth of said oscillation 
wavelength spectrum is made to increase by cavity length which said active layer forms being 
not less than 800 micrometers, and shortening mode spacing of oscillation vertical microfiche 
according to the invention of this Claim 4. 

[0027]Cavity length in which said active layer forms a semiconductor laser device concerning 
Claim 5 in the above-mentioned invention is characterized by being 3200 micrometers or less. 
[0028]Cavity length which said active layer forms shall be 3200 micrometers or less, mode 
spacing of oscillation vertical microfiche shall be 0.1 nm or more, and he is trying to reduce 
influence of an derivation Brillouin scattering at the time of Raman amplification according to the 
invention of this Claim 5. 

[0029]A semiconductor laser device concerning Claim 6 gave periodic fluctuation predetermined 
in said diffraction grating to grating cycles in the above-mentioned invention. 
[0030]He gives predetermined periodic fluctuation to grating cycles of said diffraction grating, 
and is trying to expand half breadth of an oscillation wavelength spectrum by this according to 
the invention of this Claim 6. 

[0031] A semiconductor laser device concerning Claim 7 is characterized by said diffraction 
grating being the grating which was random or was changed with a given period about said 
grating cycles in the above-mentioned invention. 

[0032]Said grating cycles are made into random or a grating changed with a given period for said 
diffraction grating, and he makes a diffraction grating generate periodic fluctuation, and is trying 
to expand half breadth of an oscillation wavelength spectrum by this according to the invention 
of this Claim 7. 

[0033]In the above-mentioned invention, as for a semiconductor laser device concerning Claim 8, 
said diffraction grating has the same length as said cavity length along with said active layer. 
[0034]According to the invention of this Claim 8, said diffraction grating is made into the same 
length as said cavity length along with said active layer, and manufacture of the semiconductor 
laser device concerned is made easy. 

[0035]A semiconductor laser device concerning Claim 9 is formed in a part where said diffraction 
grating met said active layer in the above-mentioned invention. 

[0036]He changes the length of a diffraction grating and is trying to expand half breadth of an 
oscillation wavelength spectrum by this by providing said diffraction grating in a part in alignment 
with said active layer according to the invention of this Claim 9. 

[0037]A semiconductor laser device concerning Claim 10, in the above-mentioned invention — 
said diffraction grating — said 2nd reflection film side direction [ from / near / said / the 1st 
reflection film of a laser beam ] — or along with said active layer, it is characterized by fixed 
length being the prolonged partial diffraction grating in said 1st reflection film side direction near 
[ said ] the 2nd reflection film. 

[0038]According to the invention of this Claim 10, said diffraction grating to said 2nd reflection 
film side direction near [ said ] the 1st reflection film of a laser beam to or said 1st reflection 
film side direction near [ said ] the 2nd reflection film. Consider it as a partial diffraction grating 
which was prolonged along with said active layer as for fixed length, and half breadth of an 
oscillation wavelength spectrum is changed by changing half breadth of a reflexogenic-zone 
region of this partial diffraction grating by the length of a partial diffraction grating, While 
performing plurality-ization of the number of oscillation vertical microfiche contained in this half 
breadth, he is trying to provide a partial diffraction grating in the 1st reflection film or 1st 
reflection film side corresponding to height of reflectance at this time. 
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[0039]In the above-mentioned invention, as for a semiconductor laser device concerning Claim 
1 1, said oscillation parameter contains a coupling coefficient of said diffraction grating. 
[0040]According to the invention of this Claim 1 1 , half breadth of an oscillation wavelength 
spectrum is changed and it is made to perform plurality-ization of the number of oscillation 
vertical microfiche contained in this half breadth by making it include a coupling coefficient of 
said diffraction grating in said oscillation parameter, and changing a coupling coefficient of this 
diffraction grating. 

[0041] A semiconductor laser module concerning Claim 12, It had the semiconductor laser device 
according to claim 1 to 1 1, an optical fiber which guides outside a laser beam emitted from said 
semiconductor laser device, said semiconductor laser device and said optical fiber, and an optical 
coupling lens system which performs optical coupling. 

[0042]Since a resonator of this semiconductor laser device is not physically separated using a 
semiconductor laser device which does not use a fiber grating according to the invention of this 
Claim 12, a laser beam where the oscillation characteristic of laser becomes difficult to change, 
and was stabilized by mechanical oscillation etc. while optic-axis doubling etc. did not need to be 
performed and an assembly of a semiconductor laser module became easy — reliability — it can 
be high, and can stabilize and output. 

[0043]A semiconductor laser module concerning Claim 13 was further provided with a 
temperature controller which controls temperature of said semiconductor laser device, and an 
isolator which is arranged in said optical coupling lens system, and controls incidence of return 
light from the optical fiber side in the above-mentioned invention. 

[0044]According to the invention of this Claim 13, since a semiconductor laser device which 
does not use a fiber grating is used, unlike a polarization-independent type of an in-line type, a 
small polarization-independent type isolator can be used and a small semiconductor laser module 
of insertion loss can be realized. 

[0045]The semiconductor laser device according to claim 1 to 1 1 or the semiconductor laser 
module according to claim 12 or 13 was used for a Raman amplifier concerning Claim 14 as the 
excitation light source for broadband Raman amplification. 

[0046]According to the invention of this Claim 14, the semiconductor laser device according to 
claim 1 to 1 1 , Or he is trying to do so each semiconductor laser device mentioned above or a 
operation effect of each semiconductor laser module, using the semiconductor laser module 
according to claim 12 or 13 as the excitation light source for broadband Raman amplification. 
[0047]A Raman amplifier concerning Claim 15 the semiconductor laser device according to claim 
1 to 1 1 or the semiconductor laser module according to claim 12 or 13, It is the excitation light 
source for broadband Raman amplification, and is used as a light source for forward excitation, or 
a light source for forward excitation in a bidirectional excitation method. 

[0048]According to the invention of this Claim 15, the semiconductor laser device according to 
claim 1 to 1 1, Or the semiconductor laser module according to claim 12 or 13, It is the excitation 
light source for broadband Raman amplification, and he uses as a light source for forward 
excitation, or a light source for forward excitation in a bidirectional excitation method, and is 
trying to do so each semiconductor laser device mentioned above or a operation effect of each 
semiconductor laser module. 
[0049] 

[Embodiment of the Invention]With reference to an accompanying drawing, the suitable 
embodiment of the semiconductor laser device concerning this invention and a semiconductor 
laser module is described below. 

[0050](Embodiment 1) This embodiment of the invention 1 is described first. Drawing 1 is the 
fracture figure seen from the slant which shows the outline composition of the semiconductor 
laser device which is this embodiment of the invention 1. Drawing 2 is drawing of longitudinal 
section of the longitudinal direction of the semiconductor laser device shown in drawing 1 . 
Drawing 3 is an A-A line sectional view of the semiconductor laser device shown in drawing 2 . In 
drawing 1 - drawing 3 , this semiconductor laser device 20, On the field (100) of n~InP substrate 
1, one by one, The buffer layer and lower clad layer by n-InP. n-InP buffer layer 2, GRIN-SCH- 
MQW both as which it served. (Graded Index-Separate.) Confinement Heterostructure Multi 
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Quantum Well: It has the structure where the distribution refractive-index separation trapping 
multiplex quantum well active layer 3, the p-InP spacer layer 4 and the p-InP cladding layer 6, 
and the InGaAsP contact layer 7 were laminated. 

[0051]The diffraction grating 13 of p-InGaAsP with 20 nm of thickness is periodically formed in 
the pitch of about 220 nm, and he is trying to choose a laser beam with a center wavelength of 
1.48 micrometers into the p-InP spacer layer 4. The upper part of the p-InP spacer layer 4 
containing this diffraction grating 13, GRIN-SCH-MQW active layer 3, and n-InP buffer layer 2, It 
is processed in the shape of a mesa stripe, and the both sides of the mesa stripe are embedded 
by the p-InP blocking layer 8 and the n-InP blocking layer 9 which were formed as a current 
blocking layer. The p lateral electrode 10 is formed in the upper surface of the InGaAsP contact 
layer 7, and the n lateral electrode 1 1 is formed in the rear face of n-InP substrate 1 . 
[0052]The reflection film 14 with the Takamitsu reflectance of not less than 80% of reflectance is 
formed in the light reflex end face which is an end surface of the longitudinal direction of the 
semiconductor laser device 20, and the outgoing radiation side reflection film 15 in which 
reflectance has a rate of a low light reflex of 5% or less is formed in the light emitting end side 
which is an other end face. It reflects with the reflection film 14 and the light generated in GRIN- 
SCH-MQW active layer 3 of the optical resonator formed with the reflection film 14 and the 
outgoing radiation side reflection film 15 is emitted as a laser beam via the outgoing radiation 
side reflection film 15. 

[0053]Oscillation wavelength lambda Q are 1200 nm - 1550 nm, and the semiconductor laser 

device 20 in this Embodiment 1 is setting cavity length L to not less than 800 micrometers 3200 
micrometers or less. By the way, generally, mode spacing deltalambda of the vertical microfiche 
generated with the resonator of a semiconductor laser device can be expressed with a following 
formula, if an equivalent refractive index is set to "n." Namely, deltalambda=lambda 0 2 /(2 and n- 
L) 

It comes out. Here, when oscillation wavelength lambda Q shall be 1480 nm, an equivalent 

refractive index is set to 3.5 and the cavity length L is 800 micrometers, mode spacing 
deltalambda of vertical microfiche is set to about 0.39 nm, and when the cavity length L is 3200 
micrometers, mode spacing deltalambda of vertical microfiche is set to about 0.1 nm. That is, as 
cavity length L is lengthened, mode spacing deltalambda of vertical microfiche becomes narrow, 
and the selection condition for oscillating the laser beam of single vertical mode becomes 
severer. 

[0054]On the other hand, the diffraction grating 13 chooses vertical microfiche with the Bragg 
wavelength. The selection wavelength characteristic by this diffraction grating 13 is expressed as 
the oscillation wavelength spectrum 30 shown in drawing 4 . 

[0055]He is trying to make two or more oscillation vertical microfiche exist in this Embodiment 1 
in the wavelength selection properties shown with the half breadth deltalambdah of the 
oscillation wavelength spectrum 30 by a semiconductor laser device with the diffraction grating 
13, as shown in drawing 4 . In drawing 4 , it has the three oscillation vertical microfiche 31-33 in 
the half breadth deltalambdah of an oscillation wavelength spectrum. 

[0056]A high laser output value can be obtained by the whole oscillation wavelength spectrum, 
holding down the peak value of the laser output of each oscillation vertical microfiche as 
compared with the case where the laser beam of single vertical mode is used, if the laser beam 
which has two or more oscillation vertical microfiche is used. For example, in the semiconductor 
laser device shown in this Embodiment 1, it has a profile shown in drawing 5 (b), and a high laser 
output can be obtained with a low peak value. On the other hand, drawing 5 (a) is a profile of the 
semiconductor laser device of the single vertical mode oscillation in the case of obtaining the 
same laser output, and has a high peak value. 

[0057]Here, when using a semiconductor laser device as a light source for excitation of a Raman 
amplifier, in order to enlarge Raman gain, it is preferred to increase excitation light output power, 
but if the peak value is high, an derivation Brillouin scattering will occur and the fault that noise 
increases will occur. When it has the threshold Pth which an derivation Brillouin scattering 
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generates and obtains the same laser output power, as shown in drawing 5 (b), generating of an 
derivation Brillouin scattering, It becomes possible by giving two or more oscillation vertical 
microfiche, and holding down the peak value to be able to obtain high excitation light output 
power and to obtain high Raman gain as a result within the threshold Pth of an derivation 
Brillouin scattering. 

[0058]Wavelength interval (mode spacing) deltalambda of the oscillation vertical microfiche 31- 
33 may be 0.1 nm or more. When the semiconductor laser device 20 is used for this as a light 
source for excitation of a Raman amplifier, an derivation Brillouin scattering is suppressed as 
mode spacing deltalambda is 0.1 nm or more. As a result, it will be preferred that the cavity 
length L mentioned above by the formula of mode spacing deltalambda mentioned above is 3200 
micrometers or less. If the spectrum of an derivation Brillouin scattering is about 0.1 nm and two 
or more oscillation vertical microfiche exists in the spectrum of this derivation Brillouin 
scattering, even if each oscillation vertical microfiche does not exceed the threshold Pth of an 
derivation Brillouin scattering, The threshold Pth of an derivation Brillouin scattering may be 
exceeded by the sum of the intensity of two or more oscillation vertical microfiche which exists 
in this spectral band width. For this reason, it is desirable for other oscillation vertical microfiche 
not to exist within the limits of 0.1 nm. 

[0059]As for the number of the oscillation vertical microfiche contained in the half breadth 
deltalambdah of the oscillation wavelength spectrum 30 from such a viewpoint, it is desirable that 
it is plurality. By the way, in Raman amplification, since amplification gain has polarization 
dependency, it is necessary to make small influence by the gap with the polarization direction of 
an optical signal, and the polarization direction of excitation light. Methods for this include the 
method of no polarizing-izing (DEPORA rise) for excitation light, and it specifically, There is a 
method of making this plane-of-polarization maintenance fiber spread the laser beam to which 
the outputted ray from the two semiconductor laser devices 20 was emitted from the one 
semiconductor laser device 20 using the plane-of-polarization maintenance fiber of specified 
length as a depolarizer besides a method. Since the coherency of a laser beam becomes low as 
the method of polarize[ no ]-izing as the number of oscillation vertical microfiche increases in 
using the latter method, the length of a plane-of-polarization maintenance fiber required for 
polarize[ no ]-izing can be shortened. If oscillation vertical microfiche becomes 4 or 5 especially, 
the length of a required plane-of-polarization maintenance fiber will become short rapidly. 
Therefore, in order to use it for a Raman amplifier, when no polarizing-izing [ the laser beam 
emitted from the semiconductor laser device 20 ], even if the polarization compounds of the 
emitted light of two semiconductor laser devices are carried out and it does not use it, Since it 
becomes easy to nothing-polarization-ize the outgoing radiation laser beam of the one 
semiconductor laser device 20, and to use it, reduction of the number of parts used for a Raman 
amplifier and a miniaturization can be promoted. 

[0060]If oscillation wavelength spectral band width is too wide, while the multiplexing loss by a 
wavelength composition coupler will become large, noise and profit change are made generated 
here by motion of the oscillation vertical microfiche in oscillation wavelength spectral band width. 
For this reason, 3 nm or less of half breadth deltalambdah of the oscillation wavelength spectrum 
30 needs to be 2 nm or less preferably. 

[0061]Since it was considered as the semiconductor laser module using a fiber grating in the 
conventional semiconductor laser device as shown in drawing 15 , Relative intensity noise (RIN) 
becomes large by resonance between the fiber grating 233 and the light reflection surface 222, 
Although stable Raman amplification cannot be performed, in the semiconductor laser device 20 
shown in this Embodiment 1. Since the laser beam emitted from the outgoing radiation side 
reflection film 15 is used as a light source for excitation of a Raman amplifier as it is not using 
the fiber grating 233, relative intensity noise can become small, as a result, fluctuation of Raman 
gain can become small, and the stable Raman amplification can be made to perform. 
[0062]In the semiconductor laser module shown in drawing 27 . The weak laser beam amplified by 
the resonator structure which the light reflection surface 222 and the light emitting surface 223 
of the semiconductor light emitting element 202 form is outputted, Although the laser beam 
chosen by the light reflection surface 222 and the fiber grating 233 was originally affected, the 
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kink was produced on the inrush current-optical power characteristic and there was fault of 
making optical power unstable, In the semiconductor laser device 20 of this Embodiment 1, since 
the fiber grating 233 is not used, the stable optical power can be obtained. As a result, when 
using as a light source for excitation of a Raman amplifier, the stable Raman amplification can be 
made to perform. 

[0063]In the semiconductor laser module shown in drawing 27 . In order to carry out optical 
coupling of the optical fiber 203 and the semiconductor light emitting element 202 which have 
the fiber grating 233, optic-axis doubling at the time of the assembly of a semiconductor laser 
device is needed, and the time and the labor for it are applied, but. In the semiconductor laser 
device of this Embodiment 1, since it is optic-axis doubling for the optical power instead of a 
resonator, that assembly becomes easy. In the semiconductor laser module shown in drawing 27 , 
since a mechanical combination is needed in a resonator, the case where the oscillation 
characteristic of laser changes with vibration etc. occurs, but. In the semiconductor laser device 
of this Embodiment 1, there is no change of the oscillation characteristic of the laser by 
mechanical vibration etc., and the stable optical power can be obtained. 
[0064]When according to this Embodiment 1 the semiconductor laser device 20 performs 
wavelength selection, uses an oscillation wavelength as a 1 200-1 550-micrometer belt and uses 
cavity length L as an 800-3200-micrometer belt by the diffraction grating 13, Since he is trying 
to output two or more oscillation vertical microfiche and the laser beam which has four or more 
oscillation vertical microfiche preferably in the half breadth deltalambdah of the oscillation 
wavelength spectrum 30, When it uses as a light source for excitation of a Raman amplifier, 
without generating an derivation Brillouin scattering, it is stabilized and high Raman gain can be 
obtained. 

[0065]Since optical coupling of an optical fiber and a semiconductor light emitting element with a 
fiber grating is not performed in a resonator like the semiconductor laser module using a fiber 
grating, an assembly becomes easy and the unstable output by mechanical oscillation etc. can be 
avoided. 

[0066](Embodiment 2) Below, this embodiment of the invention 2 is described. Although it is 
made [ two or more / by lengthening cavity length L / in Embodiment 1 mentioned above / the 
number of vertical microfiche in the half breadth deltalambdah of the oscillation wavelength 
spectrum 30 ], The half breadth deltalambdah of the oscillation wavelength spectrum 30 is 
changed, and it is made [ two or more / the number of vertical microfiche in the half breadth 
deltalambdah / this / by changing the grating length LG or coupling coefficient of the diffraction 
grating 13 / in this Embodiment 2 / relatively ]. 

[0067] Drawing 6 is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is this embodiment of the invention 2. This 
semiconductor laser device differs in the reflectance of the outgoing radiation side reflection film 
15 while differing in the composition of the diffraction grating 43 corresponding to the diffraction 
grating 13 of the semiconductor laser device 20 shown in drawing 1 - drawing 3 f rom the 
semiconductor laser device 20. Other composition is the same as the semiconductor laser 
device 20, and gives identical codes to the identical configuration portion. 

[0068]The diffraction grating 43 is formed by 1 specified length LG towards the reflection film 14 
side which has the Takamitsu reflectance of not less than 80% of reflectance from the outgoing 
radiation side reflection film 15 with the rate of a low light reflex of 0.1 to 2% of reflectance, and 
the diffraction grating 43 is not formed in p-InP spacer layers 4 other than specified length LG1. 
[0069] Drawing 7 is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is a modification of this embodiment of the 
invention 2. This semiconductor laser device is replaced with the diffraction grating 43 shown in 
drawing 6 , and it makes reflectance of the reflection film 14 the rate of a low light reflex while it 
has the diffraction grating 44 provided in the reflection film 14 side. That is, the diffraction 
grating 44 is formed by 2 specified length LG towards the outgoing radiation 15 side which has a 
rate of a low light reflex of 1 to 5% of reflectance from the reflection film 14 with the rate of a 
low light reflex of 0.1 to 2% of reflectance, and the diffraction grating 44 is not formed in p-InP 
spacer layers 4 other than specified length LG2. 
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[0Q70] Drawing 8 is drawing of longitudinal section of a longitudinal direction showing the outline 

composition of the semiconductor laser device which is a modification of this embodiment of the 

invention 2. This semiconductor laser device applies the composition of the diffraction grating 44 

shown in the diffraction grating 43 shown in drawing 6 , and drawing 7 . 

[0071]That is, this semiconductor laser device is provided with the following. 

The diffraction grating 45 formed by 3 specified length LG towards the reflection film 14 side 

with the rate of a low light reflex of 0.1 to 2% of reflectance from the outgoing radiation side 

reflection film 15 with the rate of a low light reflex of 0.1 to 2% of reflectance. 

The diffraction grating 46 formed by 4 specified length LG towards the outgoing radiation side 

reflection film 15 side from this reflection film 14. 

[0072]Even if mode spacing deltalambda of oscillation vertical microfiche is fixed by changing the 
specified length LG1-LG4 of the diffraction gratings 43-46 shown in drawing 6 - drawing 8 , the 
half breadth deltalambdah of the oscillation wavelength spectrum 30 shown in drawing 4 can be 
changed. 

[0073]That is, in order to make large half breadth deltalambdah of the oscillation wavelength 
spectrum 30, it is also effective to shorten the length of a diffraction grating. For this reason, a 
diffraction grating is not given to the whole length of a resonator (GRIN-SCH-MQW active layer 
3), but it is made to form in a part of this resonator, as shown in Embodiment 1. 
[0074]Depending on in this case, the position of the diffraction grating to a resonator. Since 
there is a possibility that a phase oscillating condition may shift and laser oscillation 
characteristics may get worse by this, As shown in drawing 6 , the diffraction grating 43 with the 
outgoing radiation side reflection film 15 as the starting point in the reflection film 14 direction. 
When extending and forming to the middle of a resonator, the low light reflex coat which has the 
reflectance of 0.1 to 2% as the outgoing radiation side reflection film 15 is given, and it is made 
to give the high reflection coat which has the reflectance of not less than 80% as the reflection 
film 14. As shown in drawing 7 , the diffraction grating 44 with the reflection film 14 as the 
starting point in the outgoing radiation side reflection film 15 direction, giving the low light reflex 
coat which has the reflectance of 0.1 to 2% as the reflection film 14, when extending and forming 
to the middle of a resonator — as the outgoing radiation side reflection film 15 — the 
reflectance of 1 to 5% of reflectance — a basis — it is made to give a low reflection coat. As 
shown in drawing 8 , when forming the diffraction gratings 45 and 46 in the outgoing radiation side 
reflection film 15 and reflection film 14 side, respectively, the low light reflex coat of 0.1 to 2% of 
reflectance is both given as the outgoing radiation side reflection film 15 and the reflection film 
14. 

[0075]When forming a diffraction grating in the reflection film 14 side as were shown in drawing 
6, and the reflectance of diffraction grating 43 the very thing is set up lowness and it was shown 
' n drawing 7 , when a diffraction grating was formed in the outgoing radiation side reflection film 
15 side, it is preferred to set up more highly the reflectance of diffraction grating 44 the very 
thing. As shown in drawing 8 , when forming a diffraction grating in the both sides of the outgoing 
radiation side reflection film 15 and reflection film 14 side, the reflectance of diffraction grating 
45 the very thing is set up lowness, and the reflectance of diffraction grating 46 the very thing is 
set up more highly. Influence of the Fabry-Perot resonator by the reflection film 14 and the 
outgoing radiation side reflection film 15 can be made small, satisfying the wavelength selection 
properties by the diffraction gratings 43-46 by this. 

[0076]With the semiconductor laser device shown in drawing 6 , concretely. Oscillation 
wavelength lambda Q is 1480 nm, the cavity length L is 1300 micrometers, and grating length LG1 

of the diffraction grating 43 is [ product kappa LQ and LG1 of 220 micrometers coupling 
coefficient kappa LQ (cm" 1 ), and grating length LG1 ] 0.093. In the semiconductor laser device 

shown in drawing 7 , the cavity length L is 1300 micrometers and grating length LG2 of the 
diffraction grating 44 is [ product kappa LQ and LG2 of 400 micrometers, coupling coefficient 

kappa, r , and grating length LG2 ] 2.97. When such diffraction gratings 43 and 44 are applied, the 
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half breadth deltalambdah of the oscillation wavelength spectrum 30 can be set to 1-2 nm, and 
can include about 3-5 oscillation vertical microfiche in the half breadth deltalambdah. 
[0077]Here, drawing 9 is the spectrum figure where two or more oscillation vertical microfiche 
was outputted, and is outputting the laser beam with three stable oscillation vertical microfiche 
in drawing 9 . The spectrum shown in drawing 9 corresponds to the composition of the 
semiconductor laser device shown in drawing 6 , The grating length LG of 1= 100 micrometers, L= 
1300 micrometers of cavity length, 0.1%, when the reflectance of the reflection film 14 is 97% and 
driving current Iop=700mA, the reflectance of product kappa LQ andLG 1=0.1 1 of coupling 

coefficient kappa LG of a diffraction grating and grating length LG1 and the outgoing radiation side 

reflection film 15, Obtaining 210-mW optical power with the oscillation vertical microfiche output 
of three in about 1480 nm, the half breadth deltalambdah has become 0.5-0.6 nm. In this case, 
half breadth with horizontal half breadth (FWHM:Full Width Half Maximum) of the far field pattern 
(FFP:Far Field Pattern) which can be set will be 16 to 18 degrees, and vertical half breadth will 
be 21 to 24 degrees. 

[0078] Drawing 10 corresponds to the composition of the semiconductor laser device shown in 

drawing 6 , Coupling coefficient kappa LG =20-cm~ 1 of the grating length LG of 1= 30 micrometers, 

L= 1300 micrometers of cavity length, and a diffraction grating, It is a figure showing the I-L 
(optical power Po to driving current lop) characteristic of product kappa LQ and LG1=0.06 of 

coupling coefficient kappa LQ and grating length LG1. The I-L characteristic shown in drawing 1 1 

shows that a big kink does not occur, but the driving current lop is stabilized and can perform 
about 400-mW high power and efficient operation at about 1200 mA from about ten mA to about 
1500 mA. 

[0079]Although the diffraction gratings 43-46 were formed in the outgoing radiation side 
reflection film 15, reflection film 14 or outgoing radiation side reflection film 15, and reflection 
film 14 side in drawing 6 - drawing 8 , It may be made to form the diffraction grating which has 
partial length to the cavity length L not only along with this but along with GRIN-SCH-MQW 
active layer 3. However, it is preferred to take the reflectance of a diffraction grating into 
consideration. 

[0080]By making partial the length of the diffraction grating to the cavity length L, and changing 
appropriately the grating length LG of this diffraction grating, and coupling coefficient kappa LQ in 

this Embodiment 2, The half breadth deltalambdah of the desired oscillation wavelength spectrum 
30 can be obtained, the laser beam which had two or more oscillation vertical microfiche in this 
half breadth deltalambdah can be oscillated, and a semiconductor laser device with the same 
operation effect as Embodiment 1 can be realized. 

[0081](Embodiment 3) Below, this embodiment of the invention 3 is described. Although the 
grating cycles of the diffraction grating 13 were constant in Embodiment 1 mentioned above, In 
this Embodiment 3, the grating cycles of the diffraction grating 13 using the chirped grating 
changed periodically by this. The wavelength selection properties of a diffraction grating are 
made to generate fluctuation, the half breadth deltalambdah of the oscillation wavelength 
spectrum 30 is expanded, and it is made [ two or more / the number of oscillation vertical 
microfiche in the half breadth deltalambdah / relatively ]. That is, the half breadth deltalambdah 
is expanded to the half breadth wc, and the number of the oscillation vertical microfiche 
contained in the half breadth wc is made to increase, as shown in drawing 1 1 . 
[0082] Drawing 12 is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is this embodiment of the invention 3. In 
this semiconductor laser device, it has the diffraction grating 47 which is the chirped grating to 
which the grating cycles of the diffraction grating 13 of the semiconductor laser device 20 shown 
in drawing 1 - drawing 3 were changed periodically. Other composition is the same as the 
semiconductor laser device 20, and gives identical codes to the identical configuration portion. 
[0083] Drawing 13 is a figure showing the periodic change of the grating cycles of the diffraction 
grating 47. As shown in drawing 13 , a mean wave period is 220 nm and this diffraction grating 47 
has the structure which repeats **0.02-nm periodic fluctuation (deviation) the cycle C. By this 
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**0.02-nm periodic fluctuation, the reflexogenic-zone region of the diffraction grating 47 has the 
half breadth of about 2 nm, and can give about 3-6 oscillation vertical microfiche in the half 
breadth deltalambdah of an oscillation wavelength spectrum by this. 
[0084]Although he was trying to form a chirped grating equal to the cavity length L in 
Embodiment 3 mentioned above, it may be made to arrange the diffraction grating of a chirped 
grating selectively to the cavity length L, as shown not only in this but in Embodiment 2. That is, 
it may be made to apply the chirped grating shown in Embodiment 3 mentioned above to 
Embodiment 2. 

[0085]Although it was considered as the chirped grating to which grating cycles are changed the 
fixed cycle C in Embodiment 3 mentioned above, It may be made to change not only this but 
grating cycles at random between periodic lambda 1 (220nm+0.02nm) and periodic lambda 2 (220 

nm - 0.02 nm). 

[0086]It may be made to give periodic fluctuation as a diffraction grating which repeats periodic 
lambda 1 cycle lambda 2 by turns 1 time respectively, as shown in drawing 14 (a). It may be made 

to give periodic fluctuation as a diffraction grating which repeats periodic lambda 3 and periodic 

lambda 4 multiple times and by turns, respectively, as shown in drawing 14 (b). It may be made to 

give periodic fluctuation as a diffraction grating with periodic lambda 6 of the multiple times which 

follow periodic lambda 5 of continuous multiple times, as shown in drawing 14 (c). A potato is 

good, as a cycle with a discrete different value between periodic lambda^ lambda 3 , lambda 5 , and 

periodic lambda 2 , lambda 4 and lambda 6 is complemented, respectively and is arranged. 

[0087]In this Embodiment 3, the diffraction grating provided in a semiconductor laser device by a 
chirped grating etc. Give the periodic fluctuation of about **0.01-0.2 nm to a mean wave period, 
and by this. Set it as the value of a request of the half breadth of a reflexogenic-zone region, 
and the half breadth deltalambdah of an oscillation wavelength spectrum is determined 
eventually, It is made to output the laser beam in which two or more oscillation vertical 
microfiche is contained in the half breadth deltalambdah, and a semiconductor laser device with 
the same operation effect as Embodiment 1 or Embodiment 2 can be realized. 
[0088](Embodiment 4) Below, this embodiment of the invention 4 is described. According to this 
Embodiment 4, the semiconductor laser device shown by Embodiments 1-3 mentioned above is 
modularized. 

[0089] Drawing 15 is drawing of longitudinal section showing the composition of the 
semiconductor laser module which is this embodiment of the invention 4. In drawing 15 , this 
semiconductor laser module 50 has the semiconductor laser device 51 corresponding to the 
semiconductor laser device shown by Embodiments 1-3 mentioned above. As a case of the 
semiconductor laser module 50, the Peltier module 58 as a temperature controller is arranged on 
the internal base of the package 59 formed with the Cu-W alloy etc. The base 57 is arranged on 
the Peltier module 58, and the heat sink 57a is arranged on this base 57. Although the current 
which is not illustrated is given and the polarity performs cooling and heating, in order to prevent 
the oscillation wavelength gap by the rise in heat of the semiconductor laser device 51, it 
functions on the Peltier module 58 mainly as a condensator. That is, it cools and the Peltier 
module 58 is controlled to a low temperature, when a laser beam is long wave length as 
compared with desired wavelength, when a laser beam is short wavelength as compared with 
desired wavelength, is heated and is controlled to a high temperature. The control device which 
this temperature control is on the heat sink 57a, is concretely controlled based on the detection 
value of the thermo sensitive register 58a arranged near the semiconductor laser device 51, and 
is not illustrated usually controls the Peltier module 58 so that the temperature of the heat sink 
57a is kept constant. The control device which is not illustrated controls the Peltier module 58 
so that the temperature of the heat sink 57a falls, as it raises the driving current of the 
semiconductor laser device 51. By performing such temperature control, the wavelength stability 
of the semiconductor laser device 51 can be raised, and it becomes effective also in 
improvement in the yield. As for the heat sink 57a, it is desirable to form according to the 
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construction material which has the high heat conductivity of a diamond etc., for example. This is 
because generation of heat at the time of high-electric-current pouring will be controlled if the 
heat sink 57a is formed with a diamond. In this case, wavelength stability improves further and, 
moreover, temperature control also becomes easy. 

[0090]On the base 57, the heat sink 57a which has arranged the semiconductor laser device 51 
and the thermo sensitive register 58a, the 1st lens 52, and the monitor photo-diode 56 are 
arranged. The laser beam emitted from the semiconductor laser device 51 is guided on the 
optical fiber 55 via the 1st lens 52, the isolator 53, and the 2nd lens 54. The 2nd lens 54 is on 
the optic axis of a laser beam, it is formed on the package 59 and optical coupling is carried out 
to the optical fiber 55 by which external connection is carried out. The monitor photo-diode 56 
carries out monitor detection of the light which leaked from the reflection film side of the 
semiconductor laser device 51. 

[0091]The isolator 53 is made to intervene between the semiconductor laser device 51 and the 
optical fiber 55 with this semiconductor laser module 50, here so that the return light by other 
optics may not reinput in a resonator. Since not a polarization-independent type but the small 
polarization-dependent isolator of an in-line type can be used for this isolator 53 unlike the 
conventional semiconductor laser module which used the fiber grating, Still lower relative 
intensity noise (RIN) can be attained, and insertion loss by an isolator can be made small. 
[0092]The example of the temperature control by the semiconductor laser module of this 
Embodiment 4 is explained. Drawing 16 is a figure showing the relation between the driving 
current lop and the temperature Ts of the thermo sensitive register 58a. In drawing 16 , the 
straight line L1 shows the case where the temperature Ts which the thermo sensitive register 
58a detects is controlled to a fixed temperature, for example, 25 **, irrespective of the change 
in the driving current lop. On the other hand, in this embodiment the temperature Tj of GRIN- 
SCH-MQW active layer 3, Control function [ which are the relations of the temperature Ts of 
the thermo sensitive register 58a which becomes always fixed (straight-line L2 reference) ] 
FS1-FS3, for example, control function FS, 2 is calculated, He is trying for the temperature at 
the time of inputting the value of the driving current lop into control function FS2 to control the 
Peltier module 58 to become the temperature Ts of the thermo sensitive register 58a. For 
example, since it becomes constant [ an oscillation wavelength ] on the wavelength lambda 2 by 
performing temperature control by control function FS2, the jump of the oscillation wavelength 
accompanying the shift of an oscillation wavelength will be lost, the kink on the I-L characteristic 
will decrease, and the dynamic stability of an oscillation wavelength will be acquired. Wavelength 
control can be carried out to the respectively fixed oscillation wavelength lambda 1 and lambda 3 
by performing temperature control based on control function FS1 and FS3. 
[0093] Drawing 17 is a figure showing the wavelength control result based on the control 
functions FS1-FS3. In drawing 17 , the oscillation wavelength lambda shifted the characteristic L3 
to the long wavelength side, and has shifted it about 2 nm as change of the oscillation 
wavelength lambda at the time of performing temperature control based on the straight line L1 is 
shown and the driving current lop increases to 100 mA - 1200 mA. On the other hand, when 
temperature control is performed based on the control functions FS1-FS3, even if the driving 
current lop increases to 100 mA - 1200 mA, the respectively fixed oscillation wavelengths 
Iambda1-lambda3 are maintained. For example, irrespective of the change in the driving current 
lop, the wavelength at the time of performing temperature control based on control function FS2 
can maintain Iambda2**0.5nm accuracy, and can output the laser beam of the stable wavelength 
suitable as a light source for Raman amplification. The black square seal and filled diamond seal 
which were shown in drawing 16 and drawing 1 7 are an actual measurement, respectively. 
[0094]According to this Embodiment 4, since the semiconductor laser device shown by 
Embodiments 1-3 is modularized, a large-sized isolator can be used, insertion loss can be made 
small, and reduction of low-noiseHzing and part mark can be promoted. 

[0095](Embodiment 5) Below, this embodiment of the invention 5 is described. According to this 
Embodiment 5, the semiconductor laser module shown in Embodiment 4 mentioned above is 
applied to a Raman amplifier. 

[00963 Drawing 18 is a block diagram showing the composition of the Raman amplifier which is 
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this embodiment of the invention 5. This Raman amplifier is used for a WDM communications 
system. In d rawing 18 , the semiconductor laser module shown in Embodiment 4 mentioned above 
and the semiconductor laser modules 60a~60d of an identical configuration are used for this 
Raman amplifier, It has composition which transposed the semiconductor laser modules 182a- 
182d shown in drawing 26 to the semiconductor laser modules 60a-60d mentioned above. 
[0097]Each semiconductor laser modules 60a and 60b, Outputting the laser beam which has two 
or more oscillation vertical microfiche to the polarization-compounds coupler 61a via the plane- 
of-polarization maintenance fiber 71, each semiconductor laser modules 60c and 60d output the 
laser beam which has two or more oscillation vertical microfiche to the polarization-compounds 
coupler 61b via the plane-of-polarization maintenance fiber 71. Here, moreover the laser beam 
which the semiconductor laser modules 60a and 60b oscillate is an identical wavelength, although 
the laser beam which the semiconductor laser modules 60c and 60d oscillate is an identical 
wavelength, it differs from the wavelength of the laser beam which the semiconductor laser 
modules 60a and 60b oscillate. This is because Raman amplification has polarization dependency, 
and he is trying to output it as a laser beam by which polarization dependency was canceled with 
the polarization-compounds couplers 61a and 61b. 

[0098]The laser beam with different wavelength outputted from each polarization-compounds 
couplers 61a and 61b is compounded by WDM couplers 62, and the compounded laser beam is 
outputted to the fiber 64 for amplification as excitation light for Raman amplification via WDM 
couplers 65. Raman amplification of the optical signal for amplification is inputted and carried out 
to the fiber 64 for amplification into which this excitation light was inputted. 

[0099]The optical signal (amplified signal light) by which Raman amplification was carried out into 
the fiber 64 for amplification is inputted into the coupler 67 for monitor light distribution via WDM 
couplers 65 and the isolator 66. The coupler 67 for monitor light distribution outputs a part of 
amplified signal light to the control circuit 68, and outputs it to the optical signal output fiber 70 
by making the remaining amplified signal lights into an outputted ray. 

[0100]The control circuit 68 controls an each semiconductor laser modules [ 60a-60d ] laser 
output state, for example, light intensity, based on some inputted amplified signal lights, and it 
carries out feedback control so that the gain band of Raman amplification may serve as the flat 
characteristic. 

[0101]In the Raman amplifier shown in this Embodiment 5. For example, the semiconductor light 
emitting element 180a shown in drawing 26 and the fiber grating 181a do not use the 
semiconductor laser module 182a combined with the plane-of-polarization maintenance fiber 
71a, Since he is trying to use the semiconductor laser module 60a in which the semiconductor 
laser device shown by Embodiments 1-3 was built in, use of the plane-of-polarization 
maintenance fiber 71a is reducible. As mentioned above, since each semiconductor laser 
modules 60a~60d have two or more oscillation vertical microfiche, they can shorten plane-of- 
polarization maintenance fiber length. As a result, the small weight saving and cost reduction of a 
Raman amplifier are realizable. 

[0102]As shown in drawing 19 , it may be made to carry out optical power to WDM couplers 62 
from the semiconductor laser modules 60a and 60c in the Raman amplifier shown in drawing 18 , 
although the polarization-compounds couplers 61a and 61b are used directly via the plane-of- 
polarization maintenance fiber 71, respectively. In this case, the plane of polarization of the 
semiconductor laser modules 60a and 60c enters so that it may become 45 degrees to the 
plane-of-polarization maintenance fiber 71. Here, as mentioned above, since each semiconductor 
laser modules 60a and 60c have two or more oscillation vertical microfiche, they can shorten 
plane-of-polarization maintenance fiber length 71. By this, the polarization dependency of the 
optical power outputted from the plane-of-polarization maintenance fiber 71 can be abolished, 
and a Raman amplifier with still few small size and part mark can be realized. 
[01 03]If a semiconductor laser device with many oscillation vertical microfiche is used as a 
semiconductor laser device built in in semiconductor laser module 60a-60d, the length of the 
required plane-of-polarization maintenance fiber 71 can be shortened. Since the length of the 
required plane-of-polarization maintenance fiber 71 will become short rapidly if oscillation 
vertical microfiche becomes 4 or 5 especially, the simplification and a miniaturization of a Raman 
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amplifier can be promoted. Coherent length will become short if the number of oscillation vertical 
microfiche increases, A polarization degree (DOP:Degree Of Polarization) becomes small by a 
DEPORA rise, it becomes possible to abolish polarization dependency, and the simplification and 
a miniaturization of a Raman amplifier can be further promoted also by this. 
[0104]The operation effect which Embodiments 1-3 mentioned above have can be given to a 
Raman amplifier. For example, since relative intensity noise (RIN) can be reduced as compared 
with the semiconductor laser module using a fiber grating, fluctuation of Raman amplification can 
be suppressed and stable Raman amplification can be performed. For example, drawing 20 is a 
noise-spectrum figure showing the relative intensity noise at the time of amplifying an optical 
signal with a frequency of 0.1-15 GHz, when the driving current lop over the semiconductor laser 
device shown in drawing 6 is not less than 300 mA. As shown in drawing 20 , relative intensity 
noise (RIN) is less than -150 dB/Hz, and the Raman amplifier with which low noise-ization was 
promoted is realized. 

[0105]In this Raman amplifier, since optic-axis doubling is easy and there is no mechanical 
optical coupling into a resonator as compared with the semiconductor laser module which used 
the fiber grating, the stability of Raman amplification and reliability can be improved also from 
this point. 

[0106]In the semiconductor laser device of Embodiments 1-3 mentioned above, since it has two 
or more oscillation modes and high-output excitation light can be generated, without generating 
an derivation Brillouin scattering, it is stabilized and high Raman gain can be obtained. 
[0107]Although the Raman amplifier shown in drawing 18 and drawing 19 is a back excitation 
method, since it outputs the excitation light which was stabilized as for the semiconductor laser 
modules 60a~60d as mentioned above, even if it is a forward excitation method and it is a 
bidirectional excitation method, it can perform stable Raman amplification. 

[0108]For example, drawing 21 is a block diagram showing the composition of a Raman amplifier, 
when adopting a forward excitation method. The Raman amplifier shown in drawing 21 has 
provided WDM-couplers 65' in the Raman amplifier shown in drawing 18 near the isolator 63. In 
this WDM-couplers65\ the semiconductor laser modules 60a-60d, Semiconductor laser module 
60a'-60d' respectively corresponding to the polarization-compounds couplers 61a and 61b and 
WDM couplers 62, A circuit with polarization-compounds coupler 61a', 61b', and WDM-couplers 
62' is connected, and forward excitation which outputs the excitation light outputted from WDM- 
couplers62' in the same direction as an optical signal is performed. In this case, since the 
semiconductor laser device used by Embodiments 1-4 mentioned above is used for 
semiconductor laser module 60a' - 60d', their RIN is small and they can perform forward 
excitation effectively. 

[0109]Similarly, drawing 22 is a block diagram showing the composition of the Raman amplifier 
which adopted the forward excitation method. The Raman amplifier shown in drawing 22 has 
provided WDM-couplers 65' in the Raman amplifier shown in drawing 19 near the isolator 63. this 
— WDM couplers — 65 — ' — **** — a semiconductor laser module — 60 — a — 60 — c — 
and — WDM couplers — 62 — respectively — having corresponded — a semiconductor laser 
module — 60 — a — ' — 60 — c — ' — and — WDM couplers — 62 — ' — having had — a 
circuit — connecting — having. Forward excitation which outputs the excitation light outputted 
from WDM-couplers62' in the same direction as an optical signal is performed. In this case, since 
the semiconductor laser device used by Embodiments 1-4 mentioned above is used for 
semiconductor laser module 60a' and 60c', their RIN is small and they can perform forward 
excitation effectively. 

[01 10] Drawing 23 is a block diagram showing the composition of a Raman amplifier, when 
adopting a bidirectional excitation method, drawing 23 — having been shown — a Raman 
amplifier — drawing 18 — having been shown — a Raman amplifier — composition — drawing 
21 — having been shown — WDM couplers — 65 — ' — a semiconductor laser module — 60 — 
a — ' - 60 — d — ' — polarization compounds — a coupler — 61 — a — ' — 61 — b — ' — 
and — WDM couplers — 62 — ' — further — providing — back — excitation — forward 
excitation — carrying out . In this case, since the semiconductor laser device used by 
Embodiments 1-4 mentioned above is used for semiconductor laser module 60a' - 60d\ their RIN 
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is small and they can perform forward excitation effectively. 

[01 1 1]Similarly, drawing 24 is a block diagram showing the composition of the Raman amplifier 
which adopted the bidirectional excitation method, drawing 24 — having been shown — a Raman 
amplifier — drawing 19 — having been shown — a Raman amplifier — composition — drawing 
22 — having been shown — WDM couplers — 65 — ' — a semiconductor laser module — 60 — 
a — ' — 60 — c — — and — WDM couplers — 62 — ' — further — providing — back — 
excitation — forward excitation — carrying out . In this case, since the semiconductor laser 
device used by Embodiments 1-4 mentioned above is used for semiconductor laser module 60a' 
and 60c', their RIN is small and they can perform forward excitation effectively. 
[01 12]The cavity length L of the light source for Raman amplification used for the forward 
excitation in the forward excitation method or bidirectional excitation method mentioned above 
may be less than 800 micrometers. When the cavity length L shall be less than 800 micrometers, 
as mentioned above, when mode spacing deltalambda of oscillation vertical microfiche becomes 
narrow and uses as a light source for Raman amplification, the number of oscillation vertical 
microfiche decreases, and it becomes impossible to obtain big optical power, but. Since forward 
excitation can be managed with low-power output as compared with back excitation, the cavity 
length L does not necessarily need to be not less than 800 micrometers. 

[01 13]The Raman amplifier shown in drawing 18 , drawing 19 , drawing 21 - drawing 24 which were 
mentioned above is applicable to a WDM communications system, as mentioned above. Drawing 
25 is a block diagram showing the outline composition of the WDM communications system which 
applied the Raman amplifier shown in drawing 18 , drawing 19 , drawing 21 - drawing 24 . 
[01 14]In drawing 25 , it is multiplexed with the optical multiplexing machine 80, and the lightwave 
signal of wavelength lambda 1 sent out from two or more transmitters Tx1-Txn - lambda n is 

collected by the one optical fiber 85. On the transmission line of this optical fiber 85, two or 
more Raman amplifiers 81 and 83 corresponding to the Raman amplifier shown in drawing 18 , 
drawing 19 , drawing 21 - drawing 24 are arranged according to distance, and amplify the 
decreased lightwave signal. With the optical separator 84, it is separated spectrally into the 
lightwave signal of two or more wavelength lambda 1 - lambda n , and the signal which transmitted 

this optical fiber 85 top is received by two or more receivers Rx1-Rxn. On the optical fiber 85, 
the lightwave signal of arbitrary wavelength is added and ADM (Add/Drop Multiplexer) to take 
out may be inserted. 

[01 15] Although Embodiment 5 mentioned above showed the case where the semiconductor laser 
module shown in the semiconductor laser device shown in Embodiments 1-3 or Embodiment 4 
was used for the excitation light source for Raman amplification. It is clear that it can use as 
light sources for EDFA excitation, such as 0.98 micrometer, not only in this, for example. 
[0116] 

[Effect of the Invention]As explained above, according to the invention of Claim 1, a diffraction 
grating is provided near the active layer formed between the 1st reflection film provided in the 
emitting end surface of the laser beam, and the 2nd reflection film provided in the reflecting end 
face of this laser beam, Wavelength is stabilized by combination setting out of the oscillation 
parameter containing the cavity length which said active layer forms, and the wavelength 
selection properties of said diffraction grating, And since he is trying to output two or more laser 
beams which contain three or more oscillation vertical microfiche preferably in the half breadth 
of an oscillation wavelength spectrum, The effect that high Raman amplification can be 
performed is done so, suppressing an derivation Brillouin scattering, when an optical power peak 
value can be held down, optical power power can be increased and it uses for a Raman amplifier 
by existence of two or more oscillation vertical microfiche. Since the emitted light from the 1st 
reflection film is used as a light source for excitation for Raman amplifiers as it is not using the 
fiber grating, As compared with the semiconductor laser device using the conventional fiber 
grating, relative intensity noise is reduced and the effect that Raman amplification stable when it 
used for a Raman amplifier can be performed is done so. 

[0117]Since the resonator is not separated physically, while it is not necessary to perform optic- 
axis doubling etc. and an assembly becomes easy, the laser beam where the oscillation 
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characteristic of laser becomes difficult to change, and was stabilized by mechanical oscillation 
etc. — reliability — it can output highly, and when it uses for a Raman amplifier, the effect that 
stability and reliable Raman amplification can be performed is done so. 

[01 18]The effect that plane-of-polarization maintenance fiber length who uses it for a DEPORA 
rise can be shortened by existence of two or more oscillation vertical microfiche is done so. 
[01 19]Since the diffraction grating in the semiconductor laser device concerned is made to 
perform a wavelength lock, the effect that inclusion of the isolator for preventing incidence of 
the return light from the optical fiber which draws the outputted laser beam becomes easy is 
done so. 

[0120]Generating of the kink on the inrush current-optical power characteristic produced in the 
semiconductor laser device using a fiber grating can be suppressed, and the effect that the 
stable laser beam can be outputted is done so. 

[0121]Since the oscillation wavelength is 1200-1550 nm according to the invention of Claim 2, 
the effect that Raman amplification of the optical signal of a wavelength band region suitable for 
the transmission band of an optical fiber can be performed is done so. 

[0122]Since 3 nm or less of half breadth of said oscillation wavelength spectrum is 2 nm or less 
preferably according to the invention of Claim 3, the effect that wavelength composition at the 
time of Raman amplification can be performed efficiently is done so. 

[0123]By according to the invention of Claim 4, the cavity length which said active layer forms 
being not less than 800 micrometers, and shortening mode spacing of oscillation vertical 
microfiche, Since the number of oscillation vertical microfiche contained in the half breadth of 
said oscillation wavelength spectrum is made to increase, the effect that plurality-ization of the 
oscillation vertical microfiche contained in the half breadth of an oscillation wavelength spectrum 
can be performed easily is done so. 

[0124]The cavity length which said active layer forms according to the invention of Claim 5, 
Since it shall be referred to as 3200 micrometers or less, the mode spacing of oscillation vertical 
microfiche shall be 0.1 nm or more and he is trying to reduce the influence of the derivation 
Brillouin scattering at the time of Raman amplification, the effect that the stable Raman gain can 
be obtained is done so. 

[0125]Since predetermined periodic fluctuation is given to the grating cycles of said diffraction 
grating and he is trying to expand the half breadth of an oscillation wavelength spectrum by this 
according to the invention of Claim 6, The effect that plurality-ization of the number of 
oscillation vertical microfiche contained in the half breadth of an oscillation wavelength spectrum 
can be performed easily is done so. 

[0126]According to the invention of Claim 7, said grating cycles are made into random or the 
grating changed with the given period for said diffraction grating, Since a diffraction grating is 
made to generate periodic fluctuation and he is trying to expand the half breadth of an oscillation 
wavelength spectrum by this, the effect that plurality-ization of the number of oscillation vertical 
microfiche contained in the half breadth of an oscillation wavelength spectrum can be performed 
easily is done so. 

[0127]Since said diffraction grating is made into the same length as said cavity length along with 
said active layer according to the invention of Claim 8, the effect that manufacture of the 
semiconductor laser device concerned can be made easy is done so. 

[0128]Since the length of a diffraction grating is changed and he is trying to expand the half 
breadth of an oscillation wavelength spectrum by this by providing said diffraction grating in the 
part in alignment with said active layer according to the invention of Claim 9, The effect that 
plurality-ization of the number of oscillation vertical microfiche contained in the half breadth of 
an oscillation wavelength spectrum can be performed easily is done so. 

[0129]According to the invention of Claim 10, said diffraction grating to said 2nd reflection film 
side direction near [ said ] the 1st reflection film of a laser beam to or said 1st reflection film 
side direction near [ said ] the 2nd reflection film. Consider it as the partial diffraction grating 
which was prolonged along with said active layer as for fixed length, and the half breadth of an 
oscillation wavelength spectrum is changed by changing the half breadth of the reflexogenic- 
zone region of this partial diffraction grating by the length of a partial diffraction grating, Since he 
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is trying to provide a partial diffraction grating in the 1st reflection film or 1st reflection film side 
corresponding to the height of the reflectance at this time while performing plurality-ization of 
the number of oscillation vertical microfiche contained in this half breadth, The effect that 
plurality-ization of the oscillation vertical microfiche contained in the half breadth of an 
oscillation wavelength spectrum can be performed appropriately is done so. 

[0130]By according to the invention of Claim 1 1, making it include the coupling coefficient of said 
diffraction grating in said oscillation parameter, and changing the coupling coefficient of this 
diffraction grating, The half breadth of an oscillation wavelength spectrum is changed, and since 
it is made to perform plurality-ization of the number of oscillation vertical microfiche contained 
in this half breadth, the effect that plurality-ization of the number of oscillation vertical 
microfiche contained in the half breadth of an oscillation wavelength spectrum can be performed 
easily is done so. 

[0131]Since the resonator of this semiconductor laser device is not physically separated using 
the semiconductor laser device which does not use a fiber grating according to the invention of 
Claim 12, While it is not necessary to perform optic-axis doubling etc. and the assembly of a 
semiconductor laser module becomes easy, the laser beam where the oscillation characteristic 
of laser becomes difficult to change, and was stabilized by mechanical oscillation etc. — 
reliability — the effect that it is high and the semiconductor laser module which can be stabilized 
and outputted can be realized is done so. 

[0132]Since the semiconductor laser device which does not use a fiber grating is used according 
to the invention of Claim 13, Unlike an in-line-type fiber type, a large-sized isolator can be used 
and the effect that the small semiconductor laser module of insertion loss is realizable is done 
so. 

[0133]According to the invention of Claim 14, the semiconductor laser device according to claim 
1 to 1 1, Or the semiconductor laser module according to claim 12 or 13 is used as the excitation 
light source for broadband Raman amplification, Each semiconductor laser device mentioned 
above or the operation effect of each semiconductor laser module is done so, and the effect that 
stability and reliable Raman amplification can be performed is done so. 

[01 34] According to the invention of Claim 15, the semiconductor laser device according to claim 
1 to 1 1, Or the semiconductor laser module according to claim 12 or 13, Are the excitation light 
source for broadband Raman amplification, and it uses as the light source for forward excitation, 
or a light source for forward excitation in a bidirectional excitation method, Each semiconductor 
laser device mentioned above or the operation effect of each semiconductor laser module, 
especially the operation effect that RIN is low are used effectively, and the effect that stability 
and reliable Raman amplification can be performed is done so. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the fracture figure which saw from across the semiconductor laser device which 
is this embodiment of the invention 1. 

[Drawing 2] lt is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device shown in drawing 1 . 

[Drawing 3] It is an A-A line sectional view of the semiconductor laser device shown in drawing 1 . 

[Drawing 4] It is a figure showing the relation of the oscillation wavelength spectrum of a 
semiconductor laser device and oscillation vertical microfiche which were shown in drawing 1 . 
[Drawing 5] It is a figure showing the relation of the laser beam output power of single oscillation 
vertical microfiche and two or more oscillation vertical microfiche, and the threshold of an 
derivation Brillouin scattering. 

[Drawing 6j lt is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is this embodiment of the invention 2. 
[Drawing 7] It is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is the 1st modification of this embodiment 
of the invention 2. 

[Drawing 8] It is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is the 2nd modification of this embodiment 
of the invention 2. 

[Drawing 9] It is a figure showing the measuring result of the oscillation wavelength spectrum of 
the semiconductor laser device corresponding to the semiconductor laser device shown in 
drawing 6 . 

[Drawing 10] It is a figure showing the I-L characteristic of the semiconductor laser device 
corresponding to the semiconductor laser device shown in drawing 6 . 

[Drawing 1 1] It is a figure showing the oscillation wavelength spectrum at the time of applying a 
chirped grating to a diffraction grating. 

[Drawing 12] It is drawing of longitudinal section of a longitudinal direction showing the outline 
composition of the semiconductor laser device which is this embodiment of the invention 3. 
[Drawing 13] It is a figure showing the periodic fluctuation of the diffraction grating shown in 
drawing 12 . 

[Drawing 14] It is a figure showing the modification which realizes periodic fluctuation of the 
diffraction grating in this embodiment of the invention 3. 

[Drawing 1 5] It is drawing of longitudinal section showing the composition of the semiconductor 
laser module which is this embodiment of the invention 4. 

[Drawing 16] lt is a figure showing an example of the control function used for temperature 
control. 

[Drawing 17] It is a figure showing the driving current dependency of the oscillation wavelength at 
the time of using the control function shown in drawing 16 . 

[Drawing 18] It is a block diagram showing the composition of the Raman amplifier which is this 
embodiment of the invention 5. 



JP.2002-204024,A [DESCRIPTION OF DRAWINGS] 



Page 2 of 3 



[Drawing 19] It is a block diagram showing the application of the Raman amplifier shown in 
drawing 18 . 

[Drawing 20] lt is a figure showing the noise spectrum of relative intensity noise with a frequency 
[ at the time of adding 300 mA of driving current ] of 0.1-15 GHz. 

[Drawing 21] It is a modification of the Raman amplifier shown in drawing 18 , and is a block 
diagram showing the composition of the Raman amplifier which adopted the forward excitation 
method. 

[Drawing 22] It is a block diagram showing the application of the Raman amplifier shown in 
drawing 21 . 

[Drawing 23] It is a modification of the Raman amplifier shown in drawing 18 , and is a block 
diagram showing the composition of the Raman amplifier which adopted the bidirectional 
excitation method. 

[Drawing 24] It is a block diagram showing the application of the Raman amplifier shown in 
drawing 23 . 

[Drawing 25] It is a block diagram showing the outline composition of the WDM communications 
system using the Raman amplifier shown in drawing 18 , drawing 1 9 , drawing 21 - drawing 24 . 
[Drawing 26] It is a block diagram showing the outline composition of the conventional Raman 
amplifier. 

[Drawing 27] It is a figure showing the composition of the semiconductor laser module used for 
the Raman amplifier shown in drawing 26 . 
[Description of Notations] 

1 n-InP substrate 

2 n-InP buffer layer 

3 GRIN-SCH-MQW active layer 

4 p-InP spacer layer 

6 p-InP cladding layer 

7 InGaAsP contact layer 

8 p-InP blocking layer 

9 n-InP blocking layer 

10 p lateral electrode 

1 1 n lateral electrode 

13, 43-47 Diffraction grating 

14 Reflection film 

15 Outgoing radiation side reflection film 
20, 51 semiconductor laser devices 

30 Oscillation wavelength spectrum 

31-33 Oscillation vertical microfiche 

50, 60a-60d, a 60a'-60d'semiconductor laser module 

52 The 1st lens 

53, 63, and 66 Isolator 

54 The 2nd lens 

55 Optical fiber 

56 Monitor photo-diode 

57 Base 

57a Heat sink 

58 Peltier module 

58a Thermo sensitive register 

59 Package 

61a, 61b, 61a', a 61 b'polarization-compounds coupler 
62, 65, 62', 65'WDM couplers 
64 The fiber for amplification 

67 The coupler for monitor light distribution 

68 Control circuit 

69 Optical signal input fiber 
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70 Optical signal output fiber 

71 Plane-of-polarization maintenance fiber 
81, 83 Raman amplifiers 

LG Grating length 

kappa LG coupling coefficient 

Pth Threshold 



[Translation done.] 



JP,2002-204024,A [DRAWINGS] 



Page 1 of 1 1 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 3] 




[Drawing 4] 
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[0 0 0 4] CO) ED E A *HH 'fe -ftfi'j^W D Miliif, i 
^i^Tii, WIWiHftO^^* 1 5 5 0 nmtffr&gffl 

l^4-^-5fel 5 8 0 nmftit'f^LTl^o LA'U 
^r^e., EDF kXWM^^matL'Oiyr^^ 

o)im%rmo)/jm^ ^ctt^, edfa okwi-t? 



3 

[0005] v-?>*mmt. x/utr>7A©j:?&#± 

jt«>«gE <fc o Tfijfttes^r** zt^o \mm 
mm* &z wens* 

[0 0 0 6] 0-?ys?MXli. Tt^rY^ic^v^iljIH^ 
1 0 0 n mfiftfSSJI«£fiJf#AWU C^WMili 

Li/iiKv.i, edf Azm^fcmmtticitLx, am 

[0 0 0 7] 02 6(3:, W D M Mi f v 'Ai'L\\L)\\\ > G 4 l 

H2 6lcfcl>r, 777'Mo-S(0*f*^if 1 
8 0 a - 1 8 0 AhlT-<>%f\y—f^yf 1 8 1 a~ 

1 8 1 c\ ttj^n^nnt^-orz^m^-^f^^ 3.- 

/!/ 1 8 2 a~ 1 8 2 dti, ©Jig^t tiC&S \s—*fft 

ZihmcshUjy-M, i a, 6 1 bictHTj-TSo ztrnt 

U-f€ya-* 18 2a, 182b flWj-f S U— «f 

T&U-+/)teC>fll£iWi£9 0° il£P,-ttTV5<, l^ttK 
LT, &¥#f*b— Te>*a-/P 18 2c, 1 8 2 d 

96 1 btCi-pT&U'— »f7fe<0iiSffi*9 0" S&btf 
Tt>So f!l£g-j£#7^6 la, 6 1 b!3, ^ft^'ftfS 
»&J*Lfcl/— tfMWDM*7"7 6 2£tij73tSo & 
to, ®&&j£7j776 1 a, 6 1 b^GtU^StlSU- 

[0 0 0 8] WDMA77 6 2fi, 79 6 1 

a, 6 1 b*»5tfJ*4tlfc^— f^^U WDM* 

7^6 54/i-u ijie*turiii|iiffl7 7Y/ i ;6 4 icm 

/lt5 0 C(Dilie^A^5tlfcJg*Sffl77 Y^e 4E 
fi, MtM**>US|W!>\ {t^cA7j77i'A6 9frb 

[0009] mmi'yr-f^e 4mcts\,^xy-?y®m 

intern* (mmmmo a, wdm*776 5*5J: 

CfTWl'— *6 6^)>LT^x^) l c5j'Eftj*77 6 7 
ilKtiZtlZ 6 7(3, lfi*gffl# 

Hl ft >r fc L T fi h -)t <>\l o !.: \\\ h t Z , 

[ooio] »@SS6 8(i, k)}£nrz~!%o)W'Mi] 

VitZ 1 1 K 1 8 0 a ~ 1 8 0 d CDS! 

jt««, rz t ium&mzm® u 5 v > tg » 

t%%£olc7 4-V^v>7 mots. 

[0 0 1 1] 132 7(3, 77^/^U-f-/>^» 
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El 2 7 {Cfc^T, C C0¥Wf*U— tf'-t J^a— /U 2 0 1 
(3, 2 0 2 fc)t77^<2 0 3 tZti* 

So *«f*%ye*^2 0 2 13, gtt/i2 2 1 ^fr<rs. 

Stt/i2 2 1 (3, -4BCJtS«iH2 2 2#gSttbtl, ffi 
*lft!fC^tbS^fHJ 2 2 3*<l8tt5ttSo ffitt/12 2 1 
i;/cft(3:, )l£5#tffif2 2 2 T'fiDLT, 7ftti*HBI2 2 3 

[0012] r-wwuifz oz^j'ammz 2 3 c. 

(3, )t7r Y'%2 0 3#*f|6j(EH;£ft, 7ta}ftfffi2 2 3 
10 £7fcK&£*lS„ 7t77-fM2 0 3^(0372 3 2 (C 
(3, 7&ti#tlJn2 2 3frZm&iiLWlC'7T'{/s>fls-7-J 
y?2 3 3/^ffMSn, 77^^"U-fO^"2 3 3 

(3, w;m&(r>yiitwR.mzms?z><, ?%t>*>. 77 

-f/^U— : r -f yff 2 3 3 (3, WflWifiSfc LT«8fi6 
L, 77Y^7"l/-f^^"2 3 3 titS.%m2 2 2 t 
<DmX#m&%BtiZL, 77^l/-fi'>7 f 2 3 3 
(c 3; o TjSiR $ tifc^'4!i)Sl3« U— *f ^ififi^nT ffl 
73 »f^2 4 l £LTiti;*j£ft5<, 
[0 0 l 3] 

20 W]«L3?tt5ii] Ifrt^A'b, .I-.HIL 
fc^?Sf*b- +f'^v'a-;l/ 201 (I82a~l82 
d) (3, 7 7Y/^*l/- T^y^/2 3 3 t^Wft^jR 
-? 2 0 2 fc«Pt8Pi^ftl'>fc46, 77^/^b-f^ yf 

233 i:^s«iS2 2 2 h<m<fyvmz.^->xmmM 

mti (R I N : Relative Intensity Noise) *^^<4 
So ctifi, R I NX^i' hyKc^i^T, 'mimVtM 
?2 0 2<D)t5#tffi2 2 2 tVT 4 >W\s-7- 4 y? 2 

3 3 ^cDraco^oaamffltcmt/c^^sfc ^ 

c h //'C * 4- ^ fc i ■ > 5 BIH^ft -3 /co 
[0 0 14] Sfc, iaL/cWftl^-^-ya-^2 
0 1(3, 77 Y^yb— >^'2 3 3^tLfc7 1 c7 7 
-fM2 0 3£, ¥#<*?Wi?2 0 2 

40 ec, v— v<D%Mftmmwfmm&zic&'DX%itL 
x l $ ^ fe* n^* •? , $s L/isaieTt^sftt-r s c t 

[0 0 15] 4*5, V V > lilted c'.LT (3, H2 6(C7H 
L 7c v v yltJISffiO cfc 3 C fl ^!C74 L TffT?^ &Stfi 

fiTT-^feSo -7 v >ifite^ i- 1 x xaw 5 trc, > 

5«(3, ?t^®|273xt-e*5o ^»He±3(3, ^^fl^Tt 
50 (3, ije^)tcDkl)b^fi^(Cll0^t-<, Sfc, 
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Coo i 6] sfc, -7-7 >JMgS8ic&i r >j -> v > mre 

Ci:^tttLT^5„ vv>if]fe)c;i > in 10 

r sK 77-f X^iflCiot tfKtt#tt$/J * £ < T 5 
t%t>*>, Mftlk (DO P : Degree Of Po 
larization) £'Jn£ < ?&&g#J»S. 

[oo i 7] ?btc, 5v:/if*iti, i#en§ititeW 

,'.';„'li J]«-)v y«ISfflBiigy£iB©aj8I 20 

[0 0 18] C<0»WttJdBfc*#Ti8:£nfcfc©T?, 
[0 0 19] 

[0020] cco.i^ifi i co?PHic<fcnii:\ U— ifTt© 
mfftm 2 KI«tfc©IB£«rt*ftfciSttJi<DiS«lcB 

m -wmmfitm. t z sts im><-y / - z & 40 

;KD*fifltert C 2 *W±, $ L < tt 3 *W±, 

■tows l < a 4 m i.vmmz-- K*£trb— 

[0 0 2 1] £fc. I«^2tC*^5^»U— if£H 

tt, ±aa©«mcfet>T, 1200-155 
[0022] co»*«2©%W{i:«fcn«:. Bisisg* 

1 2 0 0-15 5 0 nmtU 71677- -iVScQjra&^E 
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t^, IftWl^ liih&ilifr 12 0 0-15 5 0 nmO 
5V>«fi(0|iJf!HftSflf«« 13 0 0-16 5 0 

[0 0 2 3] M$^3(C^S^W^U— <fSH 
ti, ±SJO«WCfe^T, Mfd^ifcftX'^ WU©¥ 
flMiti, 3 n mW"FT*5 C t^^it^-r^o 

[0 0 2 4] C©*3j«3 05W!fc«J:nJf » iftgg&ft 
gX^hrt/©¥#ite£\ 3nmWTfcU fit lo't^r 
SIB0£ttPX£'h£ < 1" S «fc -5 K LTVS. 

[0 0 2 5] H#«4KjtW&»S¥#ttU--»f«H 

fi(i, 800/t m W±T* Z£t%¥mt-?Z a 
[0 0 2 6] d©M#JR4©%Wc<fc*U±\ nMdrStt® 
*fl&#rS#*8S*, 8 00/tmlXki:U ^g}fi«€- 

[0 0 2 7] ifc, M*«5tC^5^f*b-+)-"gH 

fi«> 3 2 0 0/imiXTT*5Ci:*^fr5o 

[0 0 2 8] CCDM*IH5©5llfl{Ci:tl{±\ HiWdffitt® 
«««*rS««HS*, 3 2 0 0 // rnWTt L, ^fti«f 
F©-t- 0 . In m«±t L, vv>nitei 

[0 0 2 9] g^«6(C)t)^5^#{*b— 
[0030] o»;a*ii6co5ei]{cj;titf < HMdFirr<S 

[0 0 3 1] l#*W7{C73^5^»b— f^H 

U-r-jy >?X*M> &££ £f#i8 tt5 0 
[0 0 3 2] C©flWfl7cD58W{C<fcn{±\ HUgdlHltlftS 

m tr^t s yi/-f > y 4: l , cak <t i x mm 
& s'-icimm^ immx^t h>io>t 

[0 0 3 3] «|IS8ICM>S*#«:L/- fSI! 
[0 0 3 4] ZOytiWilXOjjmU-MV.i, HMdHffIS 

Buidtsttst^oT, mmumtmvmk 

[0 0 3 5] »*J»9C*»^S**fl:l^- >f»B 
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[0036] camM®9ammiz&fti£, mttmim 

[0 0 3 7] Sfc, «Il OtfrfrS^ttU— IfS 
t HUmW, 2 K#tl$jfi®fr b fK/ddeft 1 £#f§!(l7j [p]JC , 10 

[0038] c(DMmn oojsntcfcntf, tWiM 
u— »f*coi9aa»iR«itis»*&i»E»2fi 

? commwonm&zmt s #s c 1 1 «t ~> 

afiKt-HSOSiaftftffdfcfctli:, c«> 20 
»*<DJS«K»ISLT» 1 KMRM&3^(*£ 1 5WM 

[0 0 3 9] Sfc, .i^Jfl 1 1 K*»*»*^NIi*U— 9*^ 
Rtt, ±adO«WC*i>T, i!&3d?lfi/^-*f4, M 

[0040] -o),:?u\m i i ©awtcfcntf, me^is 

- * C, fflttSffift p©fS£^f&£ ,Wi> <fc 9 tC 
£f:ft3%«e- K«OlMMfc*fT5«fc'5K Ltl- 30 

[004 1 ] ifc, st&a 1 2 [cfr/j^¥*f»u-+ft 
ts mMm^—fmii^mmtxrc is-*rmn 
mar^^t «*s^*fr ^ jt*££ > x& t m*. tz 

[0 0 4 2] CCDMMMl 2<0fmiC&ni£, 77^ 

is— y s»©««8jWWiwk jHtsntva:^ 40 

KCio T U— »f05aattt*«*ffcLC <<&*), 
[0 0 4 3] Sfc, tt&ifl 3(Cfrfr£¥*|{*U-+f* 
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[0 0 4 4] CcOMjRJS 1 3<DSIf3{Cj:n{f, 77^^ 

[0 0 4 5] i/i, M#Jfll 4fC*^>?»7- : <'>iitei^ 
ti, sfl#JHl~l l fCrtd«<0^f*P— «f SH, 

1 2$fc(il 3 icMMvmWls-ifZis'x- 

/iziuwimy-? ymmmm&fm t Lxm^rz 

[0 0 4 6] Z0)i$M\ 1 4 0)WW.CS:tllX. ffiiRMl 
~1 UCgdiK©**f*U— riSif. fc^lHi,fitJfc®l 2 

Sfc{± 1 3lCsdm<0¥WWls-4f*isa.-!\ / Zfc®m ; 7 

[0 0 4 7] Sfc< ii^Rifi l SizfrfrZ^yWMW 
ti, IS*rja i~ii »fgil, 

1 2 $ft(4 1 3 tceigC0^#<*L/-1f^'>"a- 

[0048] cvmmw r>o jgHii ;cj;ntx 

$/ctii 3{c3d«C»*#*U— «ft^a-;b*, 

•7 v > tfifei tj<7)^jfe vcjK't? $> - > x. mfmm-m&z 
v > im-fifamsfiftc Mi z Wffflsm km ttx m 
t\ ±mLrz&*m»is—*fmm&%<< *it&*mw u- 

■*f ; Eis3_->Ur)im%}%%%-?2>&0 IC LTl^o 
[0 0 4 9] 

mwicfrfrz*wwis-vmm&£xf¥m&is-4f'Ei; 
[0050] mm<ommi )*-r, ^©^w^jio^ 

fcigBT0T?fe^o B2ti, m 1 {C^Lrc^ftb 

14, 13 2 Lfc^#f*U— !fSH<0 A - A^irffiHT- 
H 1 ~B!3lcfcl-T, CO¥«f*U-VSia2 0 
fi, n-In P»« 1 <D (10 0) ili±(C, IW^, n - 

-I nPM>y77|2, G R I N- S C H-MQW (Gr 
aded Index- Separate Confinement Heterostructure Mu 
lti Quantui Well : ftmW^ftMtffl&tbZ'Mm^tt 
P) iSttli 3, p - I n P X"<— 0-B 4 , .fi^tfp - I 
n 1> 7-7-y KW0. I n G a A s Pziy2>? h»7*^ 
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[0 0 5 1 ] p - I n PX^- 9-H4|*HCti, HJ? 2 0 
nmtt'Lftp- I n G a A s j' 1 3A S , fc? 

•y f-I^J 2 2 0 n mTWm'ncBbttiU 4>£»&ft 1 . 4 
8 //m<OU-^7c£}liPrfS<4?£LTl^o COfelfff 
tSTl 3£3&p- I nPX^- 9"/§4, GRIN-S 
CH-MQWrStt®3, fcJctfn- I n F / vy 7 yl',1 2 
eD±g|U4, *yxhU~7mchQX2ti, t+tZbvJ 
f<Dmmit, f«7a «y *y*"! LTff^ft/e p - 
1 n P7u-y*>*fm8£n- I nP7n-y+>yf9 
lC<l:oTflJ6&£ft?l'S. £/c, InGaAsPny 

^?M7 ©±istc u , P own i o $ n, n 

InPltSlOiiiiCtt, nfJliMSl lA s iKn5„ 
[0 0 5 2] ^iffftb— >f§l«2 0«S?^!^«-» 

T'fe5^g«4airfij(ctt, 8 o %u±(D;mmm 

fc 14, g|*$# 5 %WTOfi*S«$* oHiWttlgl* 
IR 1 5^ffMJft^„ 1 4 fcttiffflWS&fSS 1 5 

£4,^TflM£ttfc7^ygg3C>G R I N- S C H-MQ 
Wffittl 3 L fcft(4, 5#fli 1 4 IC i o TKtJ 

[0 0 5 3] C^ifOfl^S 1 Kfctt* ^ftl/— tf'g 
H 2 0 t4, ?gfir£H A o 1 2 0 0 n m~ 1 5 5 0 n 
mT'fe 0 , tm'tti< L£\ 80 0(i mU± 3200/im 

conmrncx-jx^t s$k— f«€- fiima a 

(4, 3NMittfr$« r n j fcf-Si:, 'AiKXMtztWX 
A A = AoV (2 • n • L) 

'(:$>%><> dCT\ fgJg^SAo^l 480nmtU § 
«B*r** 3 . 5 fTS t, immU L 8 0 0 |i m<D 
1 t, K©*- FfiPi A A (4, Hi 0 . 39nmi 

&«JK «iRg§SL^3 2 00^m<Oh*, «€— K<D€- 
-KASHA A 54s ^0. 1 nmtS5. t%t>%. #3B 
88 L£fi< tn(4-T5S if, tfif*- K<0t— HRflPi A 
A{45*<£ 0 . ¥HBrt- KcD Is-ifX&ftMtZtclb 

[0 0 5 4] -73, Mffr$ P 1 3(4, ^W^'^y 
K <k o T»fc- K^SJR-T §o C eOMffitfi /• 1 3 £ <k 5 

»v»St#tt:4, 0 4 lC/Tx-r%^SX^i' h;i/ 3 o t 

[0 0 5 5] H4!C^f <fc-5tC, C(D'MI&(DjBM 1 

(4, @«rts?i 3^^L^^#f*u-+mi i (cj;?.«fla 

5 0 @4T£4, JUfSKX^ h A A hflfc 
3 0tf)lH€-K3 1~3 3«rWLTt^o 
[0 0 5 6] *8£^M€— K^SfS U— 



(6) f.yPf! 2002-204 0 24 

10 

i#l/-t'giTf±, 15 (b) iCT^f Vayr-CH^ 
So CtUCftU 0 5 (a) {4, *fttiij%m%> 

[0057] cce, tfSH%^v>titegg 

5 (b) icyn-t^ic, inmimm—vmrz*. 
z<D\£-tm%%&z.5ctia:-ox, .m-z<)nr>\?i 

20 [ 0 0 5 8 ] £ fc, M»€r- K 3 1 ~ 3 3 ©fJSSflflU 
(€— FfigPi) A A f4s 0. lnmWJ:tUl>5o C 

nt4, ¥#i*b-^fSH2 o^5-?>mscoaeni^ 

St LTHjl^tI&, Fill] Pa A A A^O. In mW± 

ff^iiu i- 3 2 o o umarfv^ctum^L^c t 
tcftSo mmyv )i<T>}m.(D7^7 him, m 

o. i nnrcfeO, c^j^y u .ly/'ylfilLoyx^'/ h 

30 €- KAtSHV^ U ;b7 7 >^a©B8fifi P t h ft < T 
t, Ci/JX'N^y h;HPsrt(c#-r±-rs?MacDMg8lt- F 

TLS^iia-^So c<nrztb, o. l nmcolBdrtlc 
(4 , ffi© )«M«-E— F^ffiL/ilCh/j'^SL I \ 
[0 0 5 9] £<D&o%;MfiLfrt>, mm&7^?h>l 
3 Oc/)f.f i i , tteiA A hrt(C^StlS^fi*^-FcD*:^ 
!-4, HIStT$§:t^SIL^o •yv>lf)te 

?3i6ii:lie^<o««73iSi i: <orti(c =t 5 &mtt>bZ < f 

it (f^77^x) flf*wsc(4, 2^ 

T, 1 &©^#f*b— fHK2 0^^(tiS^ti/cU— 9 s 
K (4, ?g}S«^- FO*«i*Wi*-r 5 K t^'J T U-+/tc 
50 |C, 5Efi«^-F^4, 5*h4-St, <£Sfift 
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©¥#f* u— «f»o 2 o <»m is-*m*mumtLx 
co o e o] ccx\ nmmmx^ bMw&*g& 

t , & tISBSc * 7 v C «fc s SfS p x t < * 5 1 1 & 

zo)f-U>, imttli ^ h ;b 3 0 f ) f-fr'fti A A h (i, 
3 n mWT, WL<!i2n mfcTFfc-rS&gtf&So 
[0 0 6 1] ^SBTfi, El 

U— ift i^a -/I/ fc LT^fcfcik 
-fY>^2 3 3 £ftJg#M2 2 2 tcDiJcO±±iS(C <fco 
Tffl*f5JUftiig (R I N) tf*#<&«3, ®L/:7V 
ym&ft'tt o c tWX%rj;l^\ coyMftecDftM 1 (c^ 
L/i^#f*U— *f'SH2 OT-Ji, 77^7"U-fO 
72 3 3«^<T\ mtlfiJSWtiMl 5frbffi«L7clx- 

v y % mm o r# >b£< &- o » S;JL/:7 7>fK 

[0 0 6 2] $fcs 02 7!C/TxLfcW*b— tftv'a 
-rt/Tli, ¥Wf*ftfts£f 2 0 2 0^K3ffi2 2 2 t% 
mW\2 2 3 fc3WBriW**ag!8H«jfilCJ:oTli(lgSn 

rzmmu-iffttf&ijzn, 7ts«iS2 2 2 i: 

77^/^l/-f^ >^'2 3 3 tlC&iXMtRZtlZV 

tf&itdi\ £<Dmm<DBM i <o^#ftu— *faifi2 o 

Ti±, 77^'^l/-f^y2 3 3£ff|l,*Tl->&^fc 

7~?ymffi*'i : it>-&5£tij i X%5o 
[0 0 6 3] £ P. C , EI2 7£CtkL U-if *• 5? 

77^/^'l/-f-{>7"2 3 3£W"f57fc 
77 Y/^2 0 3 if-^fi^Ttii J-2 0 2 k^^fr^-tt 

m&trttfm t & 0 , *(0fc46OB$ra t «7J *» 

iITOi&< s 7ttt57J©/c*6C»)t«iSt>-B-T'fe-5/ci6, 
* (ZW&imU H 2 7 !CS L fc f-W* U 
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[0064] £<D%m<DBm\ic£tui. *m&is—>f 

1 2 0 0-1 550/ira§i:U tttfi&gg L £ 8 
0 0-3 2 0 0 fim^tt^CtlC^-yX, f£t!i£SX 

t Lxm^msic mv u hy yimttit'tw 

10 [0 0 6 5] i:fc« >y^ffl^7i^ 
mW U— tf'-t S^a— yl/O * 9 fC> 7 7WU-f-/> 

y * *, r -y ^ k ¥#f*5i7t#i? t coma &*ttig 

ffiiift H (c J; s ^vifflrt^in]i|-d- ^ c i; t §o 
[0 0 6 6] (SMfiWJf^e 2) c (DmWMm 

<DBM2ic~D^xmmtz<, ±Mbttmm<DBmix 

J:-5iCLT^7c*\ d£D^itStD©lt2T«, 0}/?t§? I 
20 3»^V-x-r >ygL G*3l*tilS£«ft*«{t£Hi 
§ C kfCfc -3 T> «ftii'!cMX-\7 h ^ 3 0 cOT-fifite A A 

[0 0 6 7] m 6 f±, d t05fiHjJc;.)-j-'i , j!!i(/J)iB!1 2 

zoy^mWV— wmWlt, H l ~8 3 lcmLtc¥ 

4 3 <Dffim\ ¥mWls— 9* 20tSI45ki:t 

30 (i , u— f fiH 2 o k m m x& <3 . n-mt&m# 

[0 0 6 8] 0*ftg?4 3{i, J£St*0. l~2%<0ffi 
TfeSI^* t -3tii*t«JSItfig 15*^ gP 8 0 % W± 
<0«ftJg««S*€»OS»Si 1 4ffllJ{C|6l^T^SLG 1 
^\ JfM2*l, L G 1 «n<D p - 1 n P X^-+7 

[0 0 6 9] Sfc, 0 7Ji:, C<D5ngBfl<D*j5S<Ofl5M2 <D 

favmmmx'&Zo zcD^m^u-^mtit, m6ic 

40 L/cHWS^ 4 3 EfU.T, SSWi 1 4 HC»ttfc@ 
!/f tS^ 4 4 k t fe t, SWUM 1 4 OS<IWS*fi 

* 0 . 1-2 % Ofi^SI^^ 81 1 4 frft£*f 

* i - 5 %offi3tsw^t-3ajw 1 5 micmixmft 

5 L G 2 5h JfM^n, 3fJi!fi L G 2 p-InP 
X^— «7®4{C{±, @»4 4«?M^„ 

[0 0 7 0] ^b(C, H8fi, C£7>5M3<7)'MfiC)Sfg2 

^nmmmmx&^o cco^m^u—vmmit, H6 

50 £;*L£:@#rft?4 3*5<J:tfia7^Lfc|HlSr*S?4 4 
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[0 0 7 1] Z.<D*mW\s— 

$ o . i~2 %<DfiftJx#MP£ to{ll*HHiJSW« l 5 
6 Stt $ 0 . 1 ~ 2 % cofgftgllW t OS ftffi 1 4 fffl 
(C(Si(tTntt'.L'Ji L G 3 ft, flM^ttftlelOTg? 4 5 

coswBii 4^bdbfl«ijg^iii sroitciDittTmsEfi 

L G 4 73", flMSttfcWrt&i^ 6 t%tit&o 
[0 0 7 2] H6~H8(C^b/c@#Tf§?4 3-4 6C9 
ffi&gLG l~LG4«r^fk^-tt5CttC<fcoT, «tS 
«€— F^t— KHN3A A «^$oTt> 04tC 
-)iL/:«JiX'\i' h/I/3 ocvi'fu'iteiA A h*g{fc£ 

[0 0 7 3] "T^t)^, SagiSfiX^ F/I/3 0<O^« 
feAA h^r)£<-r§^:J6(C(i, HBfrtS?® fi £ £M < f 

«fe 9 K . iHUfftS^^r^Sigg (GRIN-SCH-MQ W 

git® 3) ©s*£#E«rr©T«£<, coftissso 
[0 0 7 4] ctoif itcftlffi.'r lfrr*Blff« j-cofis 

mmwsftffi 1 5 1 lt o . i~2 %<Dmm* 

feoftftS* 3- h £)5I§ L, SWUI 1 4 t L T 8 0 

fc, 07{C7BLfc<fc9fC, @iff<frF4 4%, SI44M14 
*e*tLTtti#iJgl«ll WlgggcDiift'S 
TStf LT flM-r 3 «fK SWI 1 4 LT 0. 1-2 

l 5 t 1 - 5 %©5ftJ|5£fc ifggtfa- F 

^ffif J:-9ic-r5o ^5>(Cs H8tC^Lfc«t3(c, miH 
fi?4 5, 4 6^^tl^nttiWffliJgS«l Sfijfeitfg 
WHl 4iliClfM-4-S«& < ttilWJSWIil 5*3=ttfjg; 
ttH 1 4 L T s t & KKN* 0 . 1-2 %<r>mtW® 

[0075] sfc, meicTnbtc&vic, mffifef-zm 

£514411 4 !I!CffMt3t|§&> HHfffc? 4 4|'lf*<05 
If^tBi^iClg/rrS^il^SL^o Sfc 08(C7n 

mi imammcBffctzms. swp 4 smft^s 

4t4;*rfti^ic i'^ilL, @tfrJ&?4 6i»©S$jWiS#> 
{Cia'/t'tSo CtltJCoT, [hI}Jt*S?4 3-4 6(Cj;& 
»SaHR«rtt*ilteS-eoo, SWIISii 4 43«fctftfi3fflJ 

[0076] mmic^ a 6 1 ^ l tz*m& u-*mm 

Tfi, ^SiSiSS A . 1 4 8 0 n mT'fe 0 , IWi'Mli I. 
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# 1 3 0 0 n mTfe 0 , hljtffiH r 4 3 CD ^L— r 4 > 7 
ft L G 1 #2 2 0 n m, tS^ffift ( c m"' ) tVU 
—r <y-f\k\. G 1 to)fiiK: -LG1#0. 0 9 3T 
ZTz, HI 7 \Z*LTzmW l^— f SET'{i, ttfi 
2sfi L# 1 3 00(j mTfe 0 , lalflfIS? 4 4 co^'U-r 
-7 >ygL G 2 *<4 0 0 n *g&^» k u, fc ^"L-x 
7 > '/lil. (I 2 tCDffl k lg • LG2tf2. 9 7 Tfe5 0 
^</U-) ft@«f«? 4 3, 4 4 ^aitl L fc*£, 
i-< X A > h;l/3 0 J IMlftfei A A h(i, 1 -2 nm£& 
10 0 , f-fit'fte'i AAhrttC3-5 *fi.«f OafiK^E- F ^ t 

[0 0 7 7] C CT\ 09 ti, ffi^cD^Jgffit- F^tB 
/j^tl/iX-^^ F;HaT*0. 0 9Tt±, $-4£Lfc3* 
»5e««€— K4toU- tf^*ffi^jLTl»5o **>\ 
H9C^bfcX^ h;H±, H6(c,rsL?c¥#ttL-+i i ' 
SB©ffi(£{c«jSL, yi/-f7 >^fi L G 1 = 1 0 0 

f< m, pmmm i = 1 3 0 0 n m , mffi& i ?v%s&i£%. 

klc t>f\s—r-<yy\k\.{\ 1 tcOiUn • LG 1 = 

0. 1 u ujttfflswm 5©gw^o. 1%, im 

20 1 4 (P>mWi) % 9 7%, ,i<fi]'lf,f L I op = 7 0 0 m A <D 
tUC, 1 4 8 0 n m&mctil >T 3 *«?gJgiE^- F 
aiAlT2 1 0 mW©7ttftfj#fik *tt*SA A hii, 0. 
5-0. 6nmt§oTOS„ C(DiI^ttett§7r- 
7-f-/l/KM^-> (F F P : Far Field Pattern) CO 
Wm (FVVHM : Full Width Half Maximum) ti, * 
¥^9<0^fMHftM 6-1 8lTF*»), Sft/al6l»¥tt 
te^2 1-2 4fti:4-5o 

[0 0 7 8] 01Oi±, 0 6(C^L7c¥«f*U 

— »f«B0>lllrtfc:*ftSU ^I'-fO/'lLG 1 = 3 

30 0 ii m, ttjigsSL = 1 3 0 0 /im, S9rffi?<Dtt£ffi 
14 k lt =20 c tn ' , *g&^St k lc t 7"L-f--C 
L G 1 t(T>m Ktc • L G 1 = 0. 0 6<D I — L (IKIi'il 
irtloptJ-rr^Tttti/iPo) Wtt^7fr4-(aTS5o 0 1 
1 IC^$tlfc I - LfSttii, +S[mA^6 1 5 0 0mA 

eis^T, ^t^^f^^LT^e.^ wiMaEi 

op^ 12 0 0m Ajfi^TiK) 4 0 0 mW©KtH^J*oaS% 
*I)]ft L T fr -5 C t *f T' $ S C t ^tth L T I ^3 . 
[0 0 7 9] ^4o, 06~B8Tli, [5]WSi 1 4 3~4 

6*, toWfiswi® 1 5mrzitmmi 4*, 

40 (ittil«SS«1 1 SWfc.fclfgStK l 4 MJcStt/i^, 
^ntClSb-f, GR I N-S CH-MQWgttlI3(C^ 
I ^ . ttJSggS L C W LTgP^W«fi £ * & OS»f 
ff^fScfcofcLTtcfc^o fc/c'L, 0J/ffg?«SW* 

%#at-r§ciiAwsLi,\ 
[0080] c <omi&<»BM 2 -ea, tttgsgg l t 

^•tir-SCfctioT, RffScO«SSX^^ F;l/3 0<D 
f f|i'i*I.SA A h«i§Ct^f> CcO^fiMsA A hP^iC 
50 ffiS052?g«t- F^rto/il^— *?ft.Zimi£&Z>Z t 
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[0081] mmmm3) oft, cwmwmt 
owm 3 \co^xm\t^ 0 ±.&Lfz'Mm<DB&. i x 

y mmzmmmcmt-s-erz**-? f v v-t ■< y 

&3f*»4**, «SMX-<^ h /l, 3 O^f-tftfciA A 
h £j£tf T, A A h fl<D$M^- KfttftBttft 10 

Cftft&&SJ:dK:LT^S. mi 1 C^t 

i:-)iC, ¥#MBA A h£¥fWSw c(C(£{fT, f-tofew 

[0 0 8 2] 0 1 2(i, C©5P/]cO'^.(icDffJffi3-efe5 

fc¥»*b— 9*K2 0<0@Jff<frF 1 3c0^b-xY> 
yHW*MIJBWC«fl:**fc^i'-y F?V— r-f yf 
t?fe5|sUfttgT-4 7*ft*LTl>5, ^€>{lfi€>#t{Rtt> ¥ 20 

[0 0 8 3] Ell 3 «, [HtfJf*§?4 l<F>>?\s-Tjy>? 

mmmft%itz*tmx&% 0 hi 3{c^-t«fc5 

C<O0»HfrF4 7 (i, ¥J9fitmtf 2 2 Onmt'36 
±0. 0 2 nm0>JBMH8&£ r «!£:) £S»JCT'3* 
0i§-*Klifi**lLTtS5o CCD±0. 0 2 n mflttltWlS 
e>€ffCJ;oT|5lJ/rig?4 7©KliWl «2nmO| 

fMi*#U ctucj;-)!'. IMMii'A^'t hiiorm 
N A A h MC 3 ~ 6 *fi*0R«|fcE- K*«ffc«* C 30 

[0 0 8 4] ±aUfcSteSt©»K3t?li, «1SILK 
II L I ^ t - 7° K y T -T > ' ^ * ft M 1 Z> i -5 E L T 

a? l tzmmmm 3 tc* Lfc?-*— 7 f y u-r •< > 7* 

[0 0 8 5] tfz, ±.&Lrc'M!fa<DB1&3Z't,t, - r £<0 
}M]CX<7}/-T4y'mmZmt2-&&?- J r-7h't? 40 

\s-T<yytLrcf)\ cmcm^t\ fv— r<yy 

vmW.s SWA. (2 2 0 nm+0. 0 2 n m) fcJHJW 
A> (2 2 0 nm-0. 0 2 n m) t<DfflX\ vy$L 
\zmtZ#Z>&o\cLX*>£\<\ 
[0 0 8 6] 2bfC, Ml 4 (a) (Oirf <fc9i<:, /if] 
A, WW] A. fc* 1 0To5£fc*iOfi«/r*S?£ L 

1 4 (b) icmtzoic mwht tmmh* tzzn? 

%tm-&2>&vlCLXt>&<,\ 0 14 (c) K 50 
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<i;4 i-H.-., gtt-4-sttft@<Dj*mA. tmwwm 

/i^i5lcLttj;l>o Sfc, I^WlAi, Ai, A s t 
WIWIA. , A,. Aei:©Ba«Bt^W^:fl^-S«^t,0^ 

[0087] c<o*«i©^3-e(i, ¥®&.u-*rmw 
t mif e n 5 inn/its i'*-/- -v - t f 7" u— r > ^4 c: 

1C £nX, W-mm miC tt L T ± 0 . 01-0. 2 n m € 

co^-wma a h^ti, t-fi«»iv,A a h mamnftm 

[0088] (*sfi<DB8i 4 ) o^tc , c <mm\<jy$m. 
001 4 ico^TiWrr § 0 c <D-MtM<DBm 4 ± 

3i L/iMffi«mi 1 ~ 3 X^Ltz^mWV— <fg»*€ 

[0 0 8 9] El 1 5 (±, C 0%W©'*fi6i©ff^ 4 T*)S 

mi 5(CfcV^T, CC0^aSf*l^-Hf'€-Vi-;U5 0«, 
±xE LtfMt&(DBm 1 ~ 3 TtS Lfc¥#f* u— f SH(C 

ty'i-;l/5 0cOgj*i:LT, C u -W££&£fC<fco 

Wit lX0y\ll-7-xf:y.< ~ll 5 8^Cii't'«?n^, ^ 
;l/fi€ya- 8±tC(i^-X5 7*W@^tl, C 
(0^X5 7 ±.ia±k—hyyt 5 7 a#IEB£*i£ 0 

n, zcommc£~>xftm3MuB%:ft : j£i\ ¥*$w 

b-HfSB5 l(OStf±#(ci;5^}iiSM-r4l^Kih-r 

1 ©j£®KEBS*lfc-9--5X£5 8 a<D^ai 

-h-»^57a cosa^—^icffifcns J: 9 !C^;l/f- 
x v -x - ;U 5 8 %mmt Zo t fc, L .ft I 
il(±, tfSBS 1 Oi<l(i-«M*±#*-ii:S{c: 

f^oT, t- h yy? 5 7 a Offllt^T^S X 0 iC^Jl 
^i€->>'a-;l/5 8^rSiiISp-r?.o C£0j:5ftS*iJW* 
noctic^x. *#<*U-^fSB5 1 co^SS^tt 

s 0 4-fc\ ^-F->y^ 5 7 a (±, /ctx.ay-r-vt^ 

F4 ^'©ti^e^** feotf Bic j; o XBft? 5 Cttf 
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[0 0 9 0] ^-X5 7±!C[i. »fSS5 1 

fe\fctf+j--5X£ 5 8 iiZtemLtzt-hisyt 5 7 
a. ill U>X52, fc£t>'^X7* hxV*-F5 
6AM$tl-5 0 ¥#f*P— fHH5 1 fre>HB#h*ftft 

u— fftfi. SB' i u>x'5 2, 3, fci 

lf»2 b>X5 4%ftU )t77^M5 5±C#iU*n 
5 0 m 2 b>X5 4(i, U-HfftOftHLhT'&oT, 

5 5 tC *l3 0 &*J, t-*7*h^>f*-F5 

[0 0 91] C dT\ C<0¥#ftl^— <f J 6v r a— ;P5 0 

/S5 5 i:«[M]iC7 T -f Vb-# 5 3*ftft£-tf-T^5„ C 
t *fcti£*<DiWW* U— «f * -71/ £ Ws 0 , Y >7 Y 

;'f (R I N) *ji*r5Cfc*T*^ 
[0092] $ C (D'Mt&mm 4 u-+f 

0 1 6 tis SHi'BiS I opfc+J--5X# 5 8 a cOgltT s 
&0)Hft&i?*'H'?&S. HI 6fcfel^T, itlSL 1 

»-rsi4a^?KLTt^o cntjtu comoi 30 

iTC(±, GR I N— S C H — MQWjStilf 3 COSfiT j 
A\ GttKL 2#M) +/-5X? 5 8 a 

OiaSCT sOBBfilTS&SWlPWftF S 1 ~F S 3, ft£ 
*l£MffilftF S 2 *-;]ci'), KiMffit I op^fif^'rtiiJPM 
&FS2(CA.^L ftti^cQSt A\ +/- 5 X 5 5 8 a © 
SAT s t&&&olC, Wit->"a-;l/5 8*!fiijffi! 
■f*«fc3fi:LTVs. MtPNftF S 2tC<k£ 

aa&Mtrafr o cticx^x, mmmmm a 2 k- 

ttftSCt*^ ft&tt&D S/ 7 Heft 5 MSScD 
v>>7 f ^*<%0, I ~Uttt±©+>7»>U 40 
SSS*fiOlMW?Stt3W9 & n 5 C t tc * 5 0 S ft, »J 

mmm si, f s 3 ES^ftsai&jtP*??? c 
ioT, **irn ■■.'iio^mmkx 1 . a 3 lammm 

[0 0 9 3] 111 7(i, MSPIS&F S l~F S 3 !CJ,W 
^/c^HitiyW^^^rHT^^o HI 7{C*5I,>T, it 

1 0 OmA- 1 2 0 0 m A tCif kt 2> IC \l o T %tgj£g 

A tfgjfcgWCS'? hU &2 n irr>7 h LTl^5 0 C 50 
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mat it. wmmt f s i ~f s 3ici5ov-c?aia$ij 

8l£?Toftif £(Cti, Sijffffrt 1 opA'f 1 0 0mA~l 2 
OOmAtm^LTt, ^tl^n-^OJtlBSSA 1~ 
A 3«ftLTl^ 0 fttxff, ftiiJ»Mli(F S 2 

opOl^idltfcA^^^-f , 12 + 0. 5 n m(Dt%m%¥£M 

[0094] c oyMmmm 4 -ea, mmvmm 1 ~ 3 

[0 0 9 5] (^fifccDff^i 5 ) O , C OfgW^fll 
5 (COt, ^T,l&BJ]-f So C (O^ttO^ai 5 T'tt, ± 
;i L fc JfJfi 4 (C ff; L ft ¥«f* U - <f -E a 
vV>li')tei!S!Cii)il Lftt^)c^o. 

[ 0 0 9 6 ] 0 l 8 fi, C eD56HfJ«'*JSfc(D0^ 5 T'SS 

>lf1teffi!i > WDMSftv'XxAEffl^t.tlSo HI 8 

l ft-T j sft u— f e a t m-mi%?)¥m» u 

6 0 a ~ 6 0 d %fm\ H 2 6 !C^Lft 
jmH*U-< VffJa.-)l l82a~182d^s±jSL 
fz^mWU— ttiSz.— Jl6 0 a~6 0 d J.ri^fiSxft 

[0 0 9 7] &¥#ftb-Hf •€ ya-i 60a, 60b 

- K*{r<r;i u— *f')t*te';^rt^^r/-7 6 i a ;z\\\}} 

L, K 1' U ;i -71 6 0c, 60d(t (IS 

ffif^fi 7 r -r a 7 1 *ft lt, mwrnrntt- k*# 

-4-§l^-+f'^*fliS^*7^6 1 biCffi^fSo 
U-^(±, [5]-fifiT^S. $ft, *##b-<fts; 

i-^6 0c, 6 o d wmtz u-ifmz, \t>\ -m-i 

ThW^mWU— *f^r->*a-;b6 0 a , 6 0 b^52fi 

a , 6 1 blUo T<Si!&&frtt#fi?$ S nft I — if3t 

[0 0 9 8] ^Mi&a^y^e 1 a, 6 1 bfrb&jl 
SnftSa5iSg%toft TOtt, WDM*7-5 6 
2{cj;oT^^n, &$£tlftl— -f^fi, WDM A 

7 ym6 4ictti+j^n?>o c c/)si/)jiti k >i ? nft mfei 
n]7T Y/S6 4ic>i, mw,^<r>\mwK^n, ? 

[0 0 9 9] tg*Bffl7r^/S6 4rt(C*i^T7vytiitis 
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[oioo] Mff@(S6 8(i, \)j?n/; •;'f«H'1*,vif,i 

^7t££ktC&¥#f*b--- *f^>*a-;l/6 0 a~6 0 d 
CDU— iftHfrRjg, £k U 7V>« 

«<Df i«W**«Pffl*l*tt k 4' 5 <fc a E 7 < - K / W * 
Wt5o 10 
[0 10 1] C<D^)5&"C>^5{C7nL/c7Vyi|?i|iggg7? 
ti, fc k 2 6 tfc¥#{*^^ 1 8 0 a k 
7 7^ '/Wis— T -4 > if I 8 1 a tmm$.W\Utt7 T J 
1 aX>&&Ztirc¥®Wls— F^a-ZH 8 2a 

£H}^-f, mmmm i~3m is—vrnw 

i)Wm2rLfz¥®ftls-if*:i'3.->l6 0 a*WJ^S«fc 

Mttt* CWTt^o ±iGLfc 
N^--if-T:> a- 6 0a-6 0d!i, 

[0 10 2] 01 Sfc^Lfc^^tSST'fi, 

(S&£fiKA77 6 1 a, 6 1 b^ftf^T^Stf, HI 9 
[Ctk-T <fc 7 [C^f* U—ttita—Jl 6 0a, 6 0 c 

p., ^n^nii'ffiffiftr^r-f/^ 1 ziYtxmmD 

Is— f ^ ^"a-;16 0a, 6 0c Ofljgffi 

{cAW-TSo :ct, ±SLfcJ:?(^ &¥mi$ls-*f 30 

*S/*a-/U 6 0a, 6 0 c «, MiOJgfilffi^- K*fc 

ttfVZZo cnteioT, fl'$rlftfj7 r <^7 lfr 
6 ma * ns :-tffUjc)ft.li^fe^ft^4 <tutm, 

[0 l 0 3] *«»l/-ftv f a-;l/6 0a~6 

o d mcftmznztmfois-ifmmt tximm^- 
m&$^¥m»is— mwzm^zt, ,mmm 

ti*sgg«7Mfb k /jNf ifk*ffiJi-r s c s, £ e> 

ic, ^Site-KcD^tfif^Sk, :ii:--b>Mi 
#5S<&*), r^^d'XfCioTfgTtS (DOP :De 
gree Of Polarizat ion) tf'hc? < % <0 , UttikiMZk 

^fffilMb k /j>Sft t z~m®mt 5 c k So 

[0 l 0 4] ±$ LfcM6<D0S l ~ 3 A^-TS 

fidtj V) %*-J v >H1te^!c Kx t s, £k* 50 
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a-MCJtLTfflWiM&ff (R I N) ^fffilTfSCk 

«, H2 0(i, m 6 u-ifmwictt-rz 

mmWiti 1 op#3 0 OmAWitOk /Sf^SO. 1 
-15GHz Lfc*&<Dffl«^>ttf* 
^t*ftX^? WMlT&So 0 2 0KStJ:9K, ttl 
Wiil'iWv (R I N) !i> - 1 5 0 d B/Hz«TT$ 

[0 10 5] 56tC, C©7Vylg*SggT'{i, 77^/1 
^ U— r -r > y^>|] l>f:'W U— if €- >>'.-j. -;HcJt L 

[o 1 0 6] s^tc. ±as Lfc'Mm<r>mm i ~ 3 
itis-^mmxit. wkvmk*- vmLx^ztc 

7t^e4-<r§c:k* s Tt5«7\ feiii, tjo^i^vv 

>f«l#5Ck^T$5o 

[0 l 0 7] H 1 8teiyjSI 1 9(C^L7C7V> 

•f€5?a— ;P6 0 a ~6 0 d A^tfcidigTt 
7J ST* o Tt>, Lfc 7 v ylfife^ ?f -5 C k ««T t 

So 

[0108] fck^.tf, 02 la, nfi^ae^^sffl 
2 ncTpLfc^vyii^gga, 01 8{c^L/c7-7>ii 

illlgiCVV DMA 7^ 6 5 't7^VL'-'763 <D&mc 
tfStj-T^So C1CDVVDMA7^6 5 ' Ktt, *#<*U- 
f^ya-Zl/ 6 0 a ~ 6 0 d , Wi&a$L?}y° ; 7 6 1a, 
6 1 b fei tfW D M A 7^7 6 2 K ^tl€n*t)S L te^HI 
ftb-Hf-ti/ a -;U6 0 a '~60d {®&&$.il7° 
•56 1a', 6 1b 'fc^lAVDMAT^e 2 '?r||L 
/c [hISS^M! W D M A 7 7 6 2 ' frt> mts $ tlS 

C<D%a-, Wftl^-^ya-^e 0 a ' ~6 0 d ' 

a, ±a ircmmmm 1 ~ 4 T-mi^ns^ftb- 

[0 10 9] [hMI-C, !H2 2(±, fi^aiBTjS Wli L 
fc7V>^ips3gcDlf)S^7K-r7a-y^jl-C ; feSo 0 2 2 
!C7KL/i7V>life'gg{i, 01 9lcfnLfz^-?>®& 
tVVDM7j7^6 5 '*7YVU-*6 3 ©jfiflHciatt 
TOSo CCDWDM7J75 6 5 ' f-^f^b- -+f T.- 

v'.-x-/P6 0 a, 6 0 cfei; WDM*7"76 2tC*tl 
^nj#ifiLfc^NI#U— «f*^a-/P6 0 a ' , 6 0c 

' fccfctiwDMTjT^ 6 2 ' ttGLfcmmmmzn, 
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— »f'€-v';i-;U6 0 a ' , 6 0 c ' ii. ±i£ Lft'*.li<0 

mm i -4 ■vnwz>nz>>mwi'-*f%m%M^Ti^ 
tcib, r i n^*<, mm&zwmicno ctw 
■et -So 

[oi 10] $ft, S2 3«> Wjfamettz&mL 

3 ic ^ L ft 7 v >W%\',\'Mi, mi 8 E,t; Lft y v >lf*i 
Is^MiC, 02 1 iC/fsL/cVVDM*7 , 7 6 5 \ || 10 

!f€va-/U6 0 a ~60d \ ^ 
761a', 6 1b' *S<J:tfWDM7J-776 2 '^Jb 

ftl/-fty a-A 6()a '~60d ' li, ±$Lft* 

l^Sfcift, R I NA«/JxS< % tiW@j42*aSWK?f-5^ 

[0 1 1 1] fttttc, ^pa.e^^«lfj 
Lf£77Vtf*10M^t7n vf8fJ65. 0 2 

88©«ll*lC, @2 2le^U;WDM^y76 5 \ 
ftb-ftya-^eo a ' , 6 0c' feitfWDMA 
776 2 ' * S 6 C g3t;ft WiWM t m/it<m. t *ff 
7 0 CCDS^, ^ftb-ftya-;l/6 0 a ',6 0 

c ' ti, ML/itWi l ~ 4 -effi^t>tt3¥#t* 
b— 77£il£ffi^Tl^ftJ6, RIN/>VhS<, mi^a 

[0 1 12] ft&, ±&LfctRfiti&tt&*WWS 

itrgii . ftjfil sfi Ltf8 00(im*iT'fotai> o 30 
lyiSUI^'HO 0 iimmt'fZt, ±J$Lft*7(C 
hV)€— KMMA A 7V>tf#i 

[0 113] ±3>Lft0 18, 119, 02 1-02 4 
!c^L/c-7V>i@i|iigg(i, ±atL/cJ;7(cWDMaf3i/ 
xfAi-;ait]t?.c fctf-p**. 02 5ii, Hi 8. 0 

1 9, 02 1-02 4 E^Lft7V>^igg£jglflLft 40 
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